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In the present volume — a small book upoD a large 
subject — the question of the Purification of Sewage is 
dealt with chiefly from a chemical and biological point 
of view, and in the light of the experience gained in the 
discharge of my duties as the Medical Ofiicer of Health 
of a large County. That office has cast upon me the 
constant duty of inspecting some hundreds of sewage 
works in actual operation, and of analyzing the effluents 
from such works. As the result, I have endeavoured to 
set out in these pages as succinctly as possible, and 
yet (it is hoped) with sufficient fulness for the purpose 
in view, the conditions which appear favourable for 
particular processes for the purification of sewage, 
and their necessary limitations. 

Until the passing of the Local Government Act, 
1888, by which County Councils were constituted, the 
enforcement of the Kivers Pollution Prevention Act of 
1876 was left in the hands of the Sanitary Authorities, • 
who, being themselves the chief offenders against the 
provisions of that enactment, were, naturally enough, 
very loth to institute proceedings against one another. 

Now, however, under pressure from County Councils 
and Joint River Boards, the District Councils are 



vi PREFACE TO FIRST EDITION, 

seriously taking in hand the work of saving our rivers 
and streams from pollution, and the question is 
constantly being asked, *' What is the best process of 
sewage purification to adopt ? " The form of this 
question shows only too clearly that the real nature 
of the problem is not generally understood. It is, 
indeed, of the first importance that members and 
officers of the various bodies, upon whom devolves the 
duty of dealing with the problem of purification of 
sewage, should grasp the scientific principles of the 
question, and recognize the fact that the particular 
scheme to be adopted in any locality must depend 
upon a variety of local circumstances. It is with the 
view of giving some help in this direction that the 
following pages have been written. 

During recent years, by means of numerous bacterio- 
logical and chemical investigations, both in this country 
and in America, great advances have been made in 
our knowledge of the changes which sewage undergoes 
in purification, and not a few conclusions of wide- 
reaching importance established ; and it is hoped that 
the presentation in this little work of some of the 
results thus attained will be found useful by engineers 
and other officials who wish to avail themselves of the 
latest researches of chemists and biologists upon the 
question of Sewage Purification. 

SIDNEY BAKWISE. 

CouirrY Offices, Derby, 
October, 1898. 



PREFACE TO SECOND EDITION. 



The progress that has been made during the last few 
years — more particularly in the mechanical arrange- 
ments for making percolating filters automatic and in 
the distribution of sewage — has necessitated the 
rewriting of this edition so as to bring the work up 
to date. 

A certain amount of repetition occurs, but this is 
inevitable if each subject is to be dealt with completely 
by itself. I have preferred to sacrifice something in the 
way of style to increase the utility of the work to the 
practical man. 

An Appendix is added on the Analysis of Sewage, 
which it is hoped will be of service to those engaged 
in the work of purifying sewage. 

My thanks are due to Dr. Lewis Thomson for 
reading the proof sheets and for many valuable sugges- 
tions. 

Derby, 

June, 1904. 
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CHAPTEE I. 

SEWAGE: ITS NATURE AND COMPOSITION, 

Definition of sewage — Sewage from water-closet and non- water-closet towns 
— ^Recommendations of Royal Commission on sewage disposal — Trade 
effluents to be admitted into sewers — Special charges therefor — ^Pro- 
posed Central Rivers Authority and Watershed Boards — Their duties — 
Plea for the general adoption of water-closets. 

By " sewage," which is derived from the Anglo-Saxon " seon " 
(to flow down), is meant the liquid contents of a sewer. This, 
in its simplest form from a village or non -water-closet town, is 
frequently designated " slop-water." Ifc contains the liquid 
excretions of the inhabitants ; the foul waters from the 
kitchens containing vegetable and animal matters, bits of 
fat, and other refuse ; the '* suds " from the washing of dirty- 
linen, cooking utensils, and the people themselves, holding 
in solution and suspension soap, fatty acids, and the exu- 
dations from the human skin. Such soapy slops, as every 
one is aware, if allowed to stand for twenty-four hours, 
become most foul and offensive. Then there is the dirty water 
from the washing of floors, the swilling of yards, the solid 
and liquid excretions of animals in the streets, the drainage 
from stables and pig-sties, the blood and other animal matters 
from slaughter-houses, silt from street sweepings, and some- 
times, if the town is an old one, the most offensive and con- 
centrated filth of all, — the soakage from privy-middens. From 

B 



2 THE PURIFICATION OF SEWAGE, 

a consideration of its various constituents, I think it must be 
admitted that even what is called '* slop-water " is a polluting 
noxious liquid, no less offensive than ordinary sewage. 

In the sewage of water-closet towns, in addition to the 
above polluting matters, there are the solid excreta from the 
inhabitants, paper and other matters of a like nature 
emptied through the closets into the sewers, but there is also 
a larger amount of clean water. As a rule, in both cases, 
the surface water from .the streets and from the yards, and 
a certain amount of ground water, find their way into the 
sewers. 

Sewage, as defined, is the liquid contents of a sewer ; and 
as a sewer has a specific meaning under the Public Health 
Acts, the definition of this word becomes a point of great 
importance, involving, as it does, an answer to the question, 
What is sewage ? 

By sect. 4 of the Public Health Act, 1875, a " drain " is 
defined as meaning any drain of and used for the " drainage 
of one building only," or premises within the same curtilage, 
and made merely for the purpose of communicating therefrom 
with a cesspool or with a sewer; whilst "sewer" includes 
sewers and drains of every description, except those to which 
the word ''drain " interpreted as above applies. Prom this 
definition it follows that where two or more houses have a 
common drain,* that drain is, within the meaning of the 
Public Health Act, 1875, a sewer, and as such, by sect. 13 
of the same Act, it is vested in the Sanitary Authority, who 
become, by sect. 3 of the Eivers Pollution Prevention Act, 
1876, responsible for using " the best practicable and avail- 
able means to render harmless the sewage matter ** falling or 
flowing therefrom into any stream or watercourse. 

The importance of this definition can hardly be exag- 
gerated, and numerous cases have arisen on the point. The 
decisions of the Court of Appeal, however, have made it quite 
clear that where two or more houses drain into a common 
channel, whether that channel be a pipe-drain, or even an 
open ditch, t it is a sewer, and the Sanitary Authority are 

* By § 19 of the Public Health (Amendment) Act, 1890, under certain 
circumstances tbe expression ** drain " includes a drain nsed for the drainage 
of more than one building. 

t WheaicroSt v. Mattock Local Board, 52 L. T. (N.S.) 356. 
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liable for its maintenance in such a state as not to be a 
nuisance, to keep it properly cleansed, ventilated, and repaired 
(sects. 15 and 19 Public Health Act, 1875), and to use the 
best practicable and available means to purify the sewage 
flowing from it. 

Sewage is an extremely complex fluid, varying in the 
same place from hour to hour both in its volume and in its 
chemical composition, nor is the sewage of any two places 
the same, even though it be in each case of a purely domestic 
character. 

Dealing first of all with the sewage from non- water-closet 
towns : the greatest cause of its variation is the quantity of 
water per head supplied to the district. It is frequently sup- 
posed that this sewage is not of such a polluting nature as that 
from towns where the water-carriage system has been adopted. 
Although the total amount of sewage matter conveyed to the 
outfall by the sewers is greater where water-closets are in use, 
yet the average composition of such sewage is no stronger 
than that from towns where there are no water-closets. , The 
reason for this is that water-closets are not generally, used 
except in towns where there is an ample water supply ; and 
although it is true that by the general adoption of water- 
closets two and a half ounces of excrement per head per day, 
containing 25 per cent, of solid matter, are added to the 
sewage, yet the water which is used for flushing, and the 
unavoidable waste which results from the adoption of the 
water-carriage system, are sufficient to dilute this five-eighths 
of an ounce of solid matter below the strength of average 
sewage from a non-water-closet town. 

With regard to the sewage of water-closet towns, the chief 
difference is that it contains a larger amount of suspended 
matter, such as disintegrated paper, the filaments of which 
are liable, if not removed, to form a film of papiei^-inache on 
the surface of sewage filters. In the manufacturing towns 
there is also more or less refuse from factories draining into 
the sewers. 

By sect. 7 of the Eivers Pollution Prevention Act, 1876, 
«very sanitary authority is compelled to give facilities for 
enabling manufacturers within its district to carry the liquids 
proceeding from their factories into the public sewers, provided 
that such liquids do not prejudicially affect the sewers or the 
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system of disposal of the sewage, or are not from their tem- 
perature or otherwise injurious from a sanitary point of view. 
The chief manufacturing processes which produce liquid 
wastes, that manufacturers may ask facilities for draining 
into the sewers, are brewing, paper-making, bleaching, calico 
printing and dyeing, wool-scouring, fulling and felting, tan- 
ning and fell-mongering, and chemical manufacturing. Some 
of these wastes if admitted in a reasonable proportion are 
advantageous, while others, such as galvanizers' pickle, may, 
unless special precautions are taken, be injurious to the 
sewers, and also to the system of sewage disposal. 

Where manufacturing wastes are admitted into the sewers, 
arrangements should be made for their admission evenly and 
continuously. It is no uncommon thing to see the sewage of 
a manufacturing town completely change in its appearance 
and composition several times in the course of an hour, pre- 
judicially interfering with the process of purification. 

The third report of the Sewage Commissioners, published 
1903, inter alia deals with — 

1. The relations between local authorities and manufac- 
turers in regard to the disposal of manufacturing effluents. 

2. The need of setting up a central authority for the 
settlement of differences between manufacturers and local 
authorities. 

In order to secure greater uniformity than at present 
exists, the Commissioners took a considerable amount of 
evidence, so as to determine whether the purification of 
sewage was practicable when mixed with trade waste. It was 
found that the chief causes of difficulty were— 

1. Irregularity of entrance of the trade effluents into the 
sewer, so that the composition of the sewage varied through* 
out the day. 

2. The presence of much suspended solid matter in the 
trade effluent, tending to choke the purification plant. 

3. The chemical injuriousness of the trade effluent from 
its great acidity or alkalinity, or the antiseptic properties of 
coal-tar derivatives. 

The general opinion was that it was quite practicable to 
purify mixtures of sewage and trade effluents, provided that 
the manufacturers took measures to remove the solids, equalize 
the discharge, and neutralize the effluent. Purification by the 
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manufacturer is in some cases difficult, and is generally more 
costly than when the wastes are purified in conjunction with 
sewage. 

The Commissioners have arrived at the opinion that the 
existing law should be altered, so as to make it the duty of 
sanitary authorities to provide sewers of such size as to 
be capable of receiving trade effluents, and that manufacturers 
should have the right, subject to certain safeguards, to dis- 
charge their effluents into the sewers. These safeguards could 
be set forth in regulations, by the local authority, subject to 
confirmation by a central authority, and could provide definite 
standards for the different manufacturers. By this means an 
average standard of purification would be reached throughout 
the country, higher than if each manufacturer attempted to 
purify his own trade effluent. Pollution of rivers would be 
lessened in this way, in that there would be fewer purification 
works to keep under observation. 

As regards the question of expense there was considerable 
difference of opinion, the chief argument against a special 
charge being that the manufacturer is heavily rated in respect 
of his premises, and is therefore entitled to the free use of 
the sewer. It was pointed out, however, that other manu- 
facturers, providing little or no trade effluent, were rated 
equally, and that, speaking generally, the amount of trade 
effluent was out of all proportion to the rateable value of the 
premises. 

It is necessary to take the following considerations into 
account : — 

1. Under the existing law there is no power to make a 
special charge. 

2. If there were, it would be a matter of great difficulty 
to settle the charge for each manufactory. 

3. It is desirable, in the interests of the community, that 
trade effluents (under conditions) should enter the sewers and 
be purified by the local authority. 

4. In the interests of the manufacturers no restrictions 
should be imposed which are not essential. 

5. A distinction should be made between those who, by 
so complying with such preliminary treatment, render their 
effluents such that no additional expense is incurred by the 
authority in treating the sewage and those who do not. In 
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the former case no special charge should be made, but in 
the latter case the local authority should be empowered to 
make a special charge, and even in the case of the former, 
where there are special circumstances as regards volume, 
etc. The proposals made should apply equally to the manu- 
facturer whose trade effluent already passes into the sewer 
and to the manufacturer who is only proposing to form a 
connection. 

Extension of borrowing powers should be given to local 
authorities where it is necessary to enlarge the existing sewers 
or disposal works in order to receive trade effluents. 

It may be necessary for local authorities in some cases 
to construct a trade sewer alone, or a system of trade sewers, 
and to provide works for the partial treatment of trade 
effluents before they are mixed with the ordiuary sewage for 
final purification. If effect is given to the recommendations 
of the Eoyal Commission, it will be seen that there will be 
endless differences arising between local authorities and 
manufacturers. The Commission further recommend that 
ihere should be a central authority with power to settle such 
differences. In addition to this, the Commission recommend 
that the whole country be divided into Eiver Boards, whose 
duty it should be to carry out the provisions of the Eivers' 
Pollution Prevention Act for their watersheds, and that in 
the event of their failing to carry out the Acts, the central 
authority should have power to step in. 

Water-closets. — The sewage from water-closet towns is 
no stronger than ordinary sewage or slop-water, which is a 
polluting liquid necessitating purification works whether the 
excreta of the inhabitants are added to it or not. This 
being so, the advantage of adopting water-closets is apparent. 
The alternatives are the pail system or some form of privy- 
midden. 

With regard to the pail system, the cost 'of emptying a 
pail weekly is on the average about eight shillings per annum 
per house, or twopence a week. On the other hand, if water 
can be obtained at eightpence a thousand gallons, the cost 
in closet-water for each house is about four shillings per 
annum. 

As for the midden system, it is now too late, at the 
beginning of the twentieth century, to contemplate a system 
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which intensifies all the evils of the pail system, and is with- 
out any of its advantages. In rural districts, where there is 
no public water supply, it may still linger ; but the difficulty 
of getting privies regularly emptied increases every year. 
The introduction of preserved articles of diet has led to empty 
tins, broken bottles, etc., being thrown into the ash-pits, and 
I have heard farmers declare that it has cost them as much 
to sort the contents of privy-middens, or to pick up the old 
tin cans, from their fields, as they have been paid for removing 
the refuse. 

Where sewers have been provided, why not make full 
use of them ? The only system adapted to this country is 
that of water-closets. The water comes silently into the 
houses, and does its work efficiently ; the excreta are removed 
at once before the mass has time to give rise to any nuisance 
by decomposing. The danger of sewer gas entering a house 
is just as great from a bath or sink as from a water-closet if 
the house-drains are not disconnected from the public sewer, 
while there is no more difficulty in disconnecting a water- 
closet than there is in cutting off a bath waste. Both pipes 
should be trapped, and their contents pass through tlie air, in 
a disconnecting trap (see Fig. 1), before entering the sewer. 
If this simple precaution is taken, and the drains are not 
defective, it is impossible for sewer gas to enter the house ; 
while the risk of the drains being defective is not increased 
by the fact that there is a water-closet within the house. 

Although this matter does not arise on the question of 
sewage disposal, it is of such importance that I feel I am 
justified in introducing a sketch showing the proper method 
of disconnecting water-closets, bath and sink wastes, from 
the sewers. This is done in Fig. 1. 

That danger from typhoid fever from the adoption of the 
water-carriage system, if properly carried out, does not exist, 
is clearly demonstrated in the case of London. Here is the 
largest population ever aggregated together, water-closets 
generally adopted, and a low typhoid rate. That water- 
carriage is the healthiest system has been conclusively shown 
by Dr. Boobyer in the case of Nottingham, the following 
summary giving the incidence during the last ten years of 
typhoid fever in houses with water-closets, pails, and privy- 
middens : — 
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Privy-midden houses, 1 caae of typhoid in 37 
Pail-closet „ 1 „ „ 120 

Water-closet „ 1 „ „ 658 

If, however, it is objected that the honseB in this return 
having 'water-closets are of a bettet class than those with 



PiQ. 1. — Method 
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middens, this objection is completely met by the following 
return, which has been prepared by Dr. Porter, the late 
Medical Officer of Stockport, and now of Johannesburg, in 
which houses of the same rateable value are compared :-~ 
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Table showing for the Five Years, 1893-97, the Incidence op Typhoid 
Fever in Stockport in Privy-pit Houses and Water-closet Houses 
respectively. 



Rateable value. 




Average 

number of 

privy-pit 

houses. 


Average 

number of 

water-closet 

houses. 


Typhoid 
incidence per 
cent, of privy- 
pit houses. 


Typhoid 
incidence per 
cent, ot water- 
closet houses. 


Under £5 
£5 and under £8 
£8 and under £10 
£10 and under £12 
£12 and under £14 
£14 and under £20 
£20 and under £30 
£30 and upwards 




2,811 

7,771 

1,415 

1,077 

449 

656 

249 

147 


176 
703 
746 
425 
225 
613 
374 
369 


1-92 
3-53 
4-02 
3 89 
3-56 
4-57 
5-22 
5-44 


0-56 
0-42 
1-20 
1-88 
1-77 
1-30 
0-53 
2-43 






14,575 


3,631 


3-39 


1-21 



In the face of these figures, and the fact that the sewage 
from a water-closet town is no more difficult to treat than 
other sewage, we ought to look forward to the time when the 
water-carriage system is generally adopted. 



CHAPTER II. 

THE CHEMISTRY OF SEWAGE, 

Variations of sewage with water supply — Composition of average sewage — 
Explanation of chemical terms used — Total solids, free ammonia, organic 
and albuminoid ammonias, chlorine, oxygen absorbed — Incubator test — 
Formula for calculating flow — Standards of purity for sewage effluents- 
Chemical changes to be effected by purification. 

An average sewage contains about 100 grains of solid matter 
to the gallon, the remaining 69,900 grains being water. Of 
the 100 grains of solid matter, a certain proportion, varying 
in different towns and at different times of the day and 
seasons of the year, will consist of organic matter ; perhaps 
on the average it will amount to 40 grains. It is the object 
of sewage purification to remove, as far as possible, this 40 
grains of organic matter, and to oxidize as completely as 
possible that which cannot be removed. All the organic 
and mineral matter in suspension should be removed, and 
in a good effluent as much as 80 per cent, of the organic 
matter in solution will also be oxidized to nitrates and other 
salts. An average sewage, containing 100 grains of solid 
matter to the gallon, will have about 30 grains in sus- 
pension and 70 grains in solution ; this includes the solid 
matter in solution in the drinking water of the district. 
Consideration of this fact will at once show that the solid 
matter in solution in a sewage must vary in different towns 
with the quality of the drinking water. A glance at the 
following table, giving the solid matter in water supplies 
from various sources, will show how the proportion of solid 
matter in a sewage varies with the source of the public water 
supply :— 
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II 



Grains of Solid Matter to the Gallon in Various Waters. 



Formation. 


» and Devonian 


Surface 
waters. 

3to7 


Deep well and 
spring waters. 


Ign^eons rocks, metamorphic, Silurian, 


5 to 15 


Yoredale and millstone grits ... 








5 to 10 


15 to 28 


New red sandstone 








8 to 18 


20 to 80 


Mountain limestone 








8 to 16 


22-5 


Magnesian limestone 








8 to 18 


350 


v^naiK •*• ... .•• ... 1 










250 


Chalk beneath London clay ... 










54-5 


Coal measures 








16 


60-0 


KeuperMarl 




• • • 




20 


700 



It will be seen that the proportion of solid matter in solu- 
tion in the sewage from a town supplied with water from a 
deep well in the coal measures, for instance, will be ten times 
greater than that from a town which is supplied with surface 
water from a gritstone gathering-ground. It is obvious that, 
as far as the purification of sewage is concerned, the amount 
of this solid mineral matter in solution is of secondary 
importance. Of the suspended matter a varying amount, 
somewhere about two-thirds, will be organic matter, while of 
the solids in solution less than one-third will be organic 
matter. 

The following table may be useful as giving an idea of the 
solid matter in an average sewage : — 

Composition of the Solid Matter in One Gallon of Typical 

Average Sewage. 





Organic. 


Mineral. 

10 
50 

60 


Total. 


Solid matter in suspension ... 
Solid matter in solution 

Total 


20 

20 

40 


30 
70 

100 



A gallon of water weighs 70,000 grains, so that 70 grains 
per gallon is equivalent to 100 parts in the 100,000. As the 
decimal notation is used in chemical investigations, it is 
easier to express results in parts per 100,000 than in grains 
per gallon. In this work results will be expressed in parts 
per 100,000. It is a simple matter to convert grains per 
gallon to parts per 100,000 by dividing by 7 and multiplying 
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by 10 ; similarly parts per 100,000 can be converted to grains 
per gallon by multiplying by 7 and dividing by 10. 

Such a sewage as the above would, upon analysis, probably 
yield results somewhat as follows, expressed in round numbers 
in parts per 100,000 : — 



Total solids. 


Solids in suspension. 


Chlorine. 


Free ammonia. 


Albuminoid ammonia. 


142-8 


42-8 


12-0 


50 


1-0 



Nearly all the solid matter in suspension and a fraction of 
that in solution can be removed by almost any precipitating 
process, such processes about half purifying the sewage. In 
the laboratory the solid matter in suspension is removed by 
passing the sewage through filter-paper. The quantity can 
be thus estimated. After the removal of the suspended 
matter, there is still the organic matter in solution to purify. 
As we shall see, this organic matter in solution, having as 
its chief source the urine which enters the sewers, contains the 
bulk of the nitrogen in the sewage, and cannot be removed by 
any precipitation process whatever. Its purification can only 
be effected by completely oxidizing it, so that when it enters 
a river its affinity for oxygen is satisfied and it does not 
deprive the river of its normal oxygen which is required for 
the natural fauna and flora of the river water. 

The chemical terms which are used in connection with 
sewage are varied, but the following are the only ones with 
which we need trouble, as they indicate the chief determina- 
tions which it is necessary should be made. 

Total Solids. — The meaning of the term *' solid matter " 
has been fully explained. It is determined by evaporating a 
known quantity of sewage to dryness in a platinum dish over 
a water bath, drying at 212°Fahr., and weighing immediately 
on cooling. The result obtained is the total solid matter. 
The organic matter is then determined by igniting the residue 
in the platinum dish and weighing again ; the loss on the first 
weighing gives the total amount of organic matter which has 
been burnt off. The sewage is then filtered, and the same 
process is gone through again with the filtered sewage ; the 
results obtained will give the total solids and the organic 
solids in solution. By subtracting these from the first results 
the total suspended matter and the organic suspended matter 
will be obtained. A good sewage effluent should contain no 
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organic matter in suspension, and not more than two parts 
per 100,000 of organic matter in solution. 

Free Ammonia. — This is the ammonia formed from the 
splitting up of the nitrogenous matters in the sewage hy the 
action of bacteria. There are at least two varieties of bacteria 
which split up the urea in the urine and convert it into car- 
bonate of ammonia. Although the term ''free ammonia" is 
used, the ammonia is not to be understood to exist in the free 
state, using the word *' free " in its chemical sense. It is in 
combination with carbonic and organic acids, and if mineral 
acids enter the sewers it may also exist as the chloride or 
the sulphate of ammonium. The term " bacteriolysis " has 
been proposed for this splitting up of organic matter by the 
action of living organisms. The free ammonia in itself is not 
of much importance, as it is harmless. 

The Organic and Albuminoid Ammonia and the Organic 
Nitrogen. — The organic matter of animal origin both in solu- 
tion and in suspension contains about 16 per cent, of nitrogen ; 
the vegetable organic matter contains much less (6*55). At 
one time the organic nitrogen was estimated as an index of the 
amount of organic matter. The process, however, has not 
been generally adopted. 

Wanklyn showed that by boiling organic matter with per- 
manganate of potash and caustic potash it was split up, and 
a portion of the nitrogen was given off in the form of ammonia, 
which could easily be estimated, and was as reliable as an 
index of the organic matter as the organic nitrogen proposed 
by the old Eivers Pollution Commissioners. As a rule, about 
two-sevenths of the organic nitrogen in sewage will come oflf 
as albuminoid ammonia. This is perhaps the most important 
determination that can be made of sewage and sewage effluents. 
The albuminoid ammonia yielded by sewage varies from 3 
or even more parts per 100,000, to as little as 0*2 part per 
100,000, while a sewage effluent should not yield more than 
01 part per 100,000. The table on pp. 26 and 27 gives the 
average analyses of a number of samples of sewage from 
different sources. It will be seen that the American sewage 
is very much weaker than average English sewage. 

Organic Ammonia. — The nitrogenous organic matter can 
also be broken up by heating with concentrated sulphuric acid. 
In this case the whole of the nitrogen is converted into 
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ammonium sulphate, and the *' organic ammonia " may be 
distilled off on adding an alkali. This is the basis of the 
Ejeldahl process for the determination of organic ammonia. 

Chlorine. — The chlorine in sewage has its origin in 
common salt, of which it constitutes about 60 per cent. It 
enters the sewage as salt in the waste from kitchens and in 
the urine. There is also a certain amount of chlorine in all 
drinking water. It is also present, to a slight extent, in rain 
water. On the West Coast as much as 5 parts per 100,000 
have been found in rain water ; at Liverpool 1 part ; and in 
various parts of England (inland) about 0*3 per 100,000. The 
chlorine in drinking waters varies with the source of the 
water ; in upland surface waters it is about 1 part in 100,000, 
while in the deep-well waters from the millstone grit, new 
red sandstone, mountain limestone, chalk, Devonian rocks, 
it is about 2 or 3 parts ; in the chalk beneath the London 
clay it is as much as 15, and in the coal measures even 18 
parts per 100,000. The amount of chlorine, therefore, in 
sewage will very materially depend upon the drinking water 
supplied to the district. 

Human urine, of which on the average, in a mixed 
population, about 40 ounces per head per day are excreted, 
contains about 842 parts per 100,000 of common salt, of 
which 500 parts consist of chlorine. The chlorine itself is of 
little importance ; there is no necessity for its removal, and 
no process of purification can remove it Its determination, 
however, is important, because it serves as a valuable index 
of the strength of ordinary domestic sewage. For instance, 
one frequently sees in the advertisements of patented pro- 
cesses of purification, an analysis published of the wonderful 
purity of a sewage effluent which contains a small amount of 
chlorine, and beside it an analysis of the raw sewage which 
contains a much larger amount of chlorine. Obviously the 
effluent and sewage do not correspond, and the effluent has 
been obtained from a weaker raw sewage than that of which 
the analysis is published.* 

* In a paper read at the Sanitary Institute Congress, Liverpool, in 1894, on 
a ** patented " process of purification, the chlorine in a raw sewage was given as 
30 parts per 100,000; while that in the effluent from the ** patent" filters was 
given as 8*9 parts per 100,000. The effluent must have been from a sewage of 
between one-seventh and one-eighth of the strength of that purporting to be the 
sewage before purification. 
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From this it will be seen that the determination of chlorine 
is always an important one, as, if the percentage of purifica- 
tion effected by any process is to be gauged, the chlorine in 
the effluent must be practically the same as that in the 
sewage. It is a pity that this elementary fact has not been 
more generally appreciated by the advocates of many patented 
processes, as the analyses they publish prove too much. 
Eideal has, however, shown that a slight oxidation of chlorine 
to chlorate can take place. 

The chlorine in twenty samples of sewage from midden 
towns was found by the Eivers Pollution Commissioners to 
be 11'54 parts per 100,000; while that from 86 water-closet 
towns was 10*66 parts. The drainage from districts where 
the wash water after dyeing enters the public sewers contains 
less chlorine than average sewage; while the drainage from 
15 districts where bleaching, fulling, and scouring were carried 
on was shown by the Eivers Pollution Commissioners to 
contain 20 parts per 100,000. The drainage from paper mills 
contains about the same. The drainage from alkali works 
contains from 100 to 700 parts ; while that from galvanizing 
and tin-plate works on the average contains 2000 parts, and 
may contain as much as 20,000 parts per 100,000. From 
this it will be seen that the amount of chlorine in the sewage 
will depend upon the nature of the manufacturing wastes enter- 
ing the sewers, as well as on the nature of the water supply. 

If the sewage is purely of a domestic nature, and there 
is a public water supply, the amount of chlorine in it being 
known, the strength of the sewage and the number of gallons 
per head can be approximately ascertained by estimating the 
quantity of chlorine in the sewage. The following is a formula 
which the author has devised for this purpose, and which 
gives approximately accurate results : — 

Let A = parts per 100,000 of chlorine in the public water 
supply, and let B = the parts per 100,000 of chlorine in the 
sewage ; let X be the number of gallons of sewage per head 
per day required to be ascertained — 

X= 125 



B- A 



For example, on a recent occasion the chlorine in the Buxton 
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drinking water was found to be 11 parts per 100,000, (A) 
I'l, and the chlorine in the sewage to be 2*3, (B) = 2*3 : 



Y 125 I 

2-3 - 1-1 

= 104 gallons per head per day. As a matter of fact, the 
flow was actually about 100 gallons per head per day. 

This rule has as its basis the fact that the larger the 
quantity of water used, the more will the common salt con- 
tained in the sewage be diluted. 

The Oxygen absorbed in Four Hours at Eighty Degrees 
Fahrenheit. — On adding a solution of permanganate of potash 
to a sewage, the permanganate becomes decolourized on account 
of its giving oflf a portion of its oxygen to the oxidizable organic 
matter. Unfortunately, besides organic matter, salts of iron 
and other substances decolourize permanganate, so that how- 
ever suitable the process is for the purpose of water analysis 
— for which Dr. Tidy originally introduced it — more reliance 
is to be placed upon the albuminoid ammonia as an index of 
the amount of organic matter present in sewage, particularly 
where iron salts are used as a precipitant. Speaking gene- 
rally, the oxygen absorbed in four hours at 80° Fahr. is about 
ten times the amount of albuminoid ammonia. 

The Mersey and Irwell Joint Board have adopted this 
process as a rough standard of purity for sewage effluents. 

Taken in conjunction with the albuminoid ammonia 
process, reliable results can be obtained. 

Incubator Test. — The oxygen absorbed in three minutes 
is now frequently estimated, the sample then being incubated 
for a week at 80° Fahr. in a hermetically closed bottle, when the 
oxygen absorbed in three minutes is again estimated. The 
increase in the amount of oxygen absorbed is the measure 
of the putrescibility of the sewage. The results of these two 
determinations are frequently referred to as the *' Incubator 
Test." 

Standards of Purity for Sewage Effluents. — No standard 
of purity for sewage effluents is fixed by the Rivers Pollution 
Prevention Acts, but from time to time, various bodies have 
made suggestions as to what, in their opinion, should be 
adopted as a standard. 

It will be admitted at once that any standard, to be 
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generally applicable, while being sufficiently high to prevent 
any nuisance arising from the contamination of a stream with 
an effluent which complies with it, should be sufficiently low 
to enable any authority to keep within its limits. The Com- 
missioners appointed in 1868 to inquire into the best means 
of preventing pollution of rivers recommended that it should 
be inadmissible to admit into any stream a liquid with the 
following composition : — 

Parts per 100,000. 

Total suspended matter 4*0 

Organic „ ... ... ... ... ... 1*0 

Organic carbon 2*0 

Organic nitrogen 0*3 

They then went on to give other conditions which apply only 
to the effluents from manufacturing processes. It is suffi- 
cient to say here that, in addition to the above, a sewage 
effluent should neither contain free alkali nor free acid. 

The Local Government Board have more than once been 
asked to specify a standard of purity for sewage effluents, 
but they have refused, on the ground that all the circum- 
stances of each case should be taken into consideration. In 
the practical working of the Eivers Pollution Prevention Act 
it is absolutely necessary that those who have to enforce the 
Act should have a minimum standard before them. 

Effluents are classified by the Mersey and Irwell Joint 
Board as follows : — 

Oxygen absorbed at 80^ Fahr. in Four Hours. 

Parts per 100»000. 

Good effluents less than 1*0 

Fair „ I'O to 1*5 

Unsatisfactory effluents 1*5 „ 2*0 

Bad effluents over 2*0 

The following standard is issued by the Derbyshire 
County Council : — 

A sewage effluent should be clear and bright, without 
suspended matter, and on shaking vigorously it should not 
froth. It should conform to the following tests : — 

I. Shake Test. — A simple test of purity can be readily 
applied : It is, to shake vigorously for one minute a bottle 
half-full of the effluent. All frothing should disappear in 
three seconds. 
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3. Tests ol Opacity from Suspended Matter, — The efflaent 
should be BO transparent that "Pearl" type can be read 
by a normal-Bighted person through a column 12 inches in 
depth, {The type below will illustrate this test.) 



A similar test has been devised by Dr. Beid, and consists 
of measuring the column of effluent which is necessary to 
obliterate the lines on the block shown above. 

A good effluent will permit ot the lines being distinctly 
seen through a column 12 inches in depth. 

3. Albuminoid Ammonia. — On chemical analysis, an 
effluent should yield less than O'l parts per 100,000 of albu- 
minoid ammonia. This amount of albuminoid ammonia is 
taken as the index of the nitrogenous organic matter which 
remains ntioxidized into nitric and nitrous acids, and is not 
split up into other harmless products. 

4. The Nitrogen as Nitrates (Oxidized Nitrogen).— The 
nitrogen in the form of nitrates should exceed 0'5 parts per 
100,000. As some 60 per cent, of the nitrates formed consists 
of oxygen which has been added to the sewage through the 
action of nitrifying organisms, it will be seen that the larger 
the quantity of nitrates present, the more thoroughly the 
sewage is oxidized. The quantity of the nitrates present is 
the best teat, therefore, of the work done by the filters or 
contact-beds in the final stage of purification. 

5. The Incubator Test. — The oxygen absorbed from potas- 
sium permanganate by a good effluent in three minutes should 
be less than 0*25 parts per 100,000, and the effluent should not 
be capable of putrefaction. This is best told by incubating 
the effluent for one week, when, if the oxygen stored up in 
the effluent, in the form of nitrates and other highly oxidized 
compounds, is sufficient to complete the oxidation of the 
remaining unoxidized organic matter at the end of the week's 
incubation, it will not absorb more oxygen from potassium 
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permanganate than it did before incubation. This test is 
generally known as the " Incubator Test," and is one which 
is now being generally adopted with effluents. 

Conclusion with regard to Tests of Purity of Effluents. — 
It should be clearly understood that a good effluent should 
comply with each of the above tests ; any one without the 
rest may be complied with by an effluent which is only par- 
tially purified. 

The standard given above is only meant as a general 
guide. It would not be wise to fix a standard in an Act of 
Parliament, because the circumstances throughout the country 
are so different, and a standard which might legitimately be 
adopted in the lower reaches of a watershed might not come 
up to what would be necessary in the upper reaches, particu- 
larly where tributary streams are derived from densely popu- 
lated districts. Another reason why the standard should 
only be adopted as a general guide is, that in the future 
new methods of analysis may be devised, and better processes 
of purification brought out, and the standard should from 
time to time be capable of being revised. It should also be 
made clear that, in mentioning any standard, it is a minimum 
standard. 

The usual objection to the adoption of a general standard 
is that sanitary authorities would be tempted to dilute 
their effluent with subsoil or other water until the standard 
was reached. This would be prevented by insisting upon the 
effluent having undergone sufficient nitrification to contain 
at least 0*5 parts of nitrogen as nitrates in the 100,000. 

The Chans:es to be effected by Purification. — The typical 
average sewage which we have previously considered had the 
following composition expressed in parts per 100,000 : — 



Total solids ... 
Solids in suspension 
Chlorine 
Free ammonia 
Organic ammonia 



1420 

42-0 

120 

5-0 

1-0 



Such a sewage by precipitation would have the solid 
matter in suspension removed, and in this process the albu- 
minoid ammonia, "the index of the organic matter," would 
be reduced from 1 to perhaps 0*45. The same result would 
happen if the sewage was passed over the surface of land 
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which intercepted the solid matter in suspension ; the purifi- 
cation which would so far he carried out would he merely 
clarification or removal of suspended matter. If the sewage 
is passed through a septic tank, the albuminoid ammonia 
would he similarly reduced, but the suspended matter in the 
effluent would be from 5 to 10 parts per 100,000. 

The sewage would still have the organic matter in solu- 
tion in it, and whether it is intermittently passed through 
the open soil, such as sand or gravel, or whether it is 
passed through artificially prepared filters of polarite, 
crushed coal, hard clinker, coarse sand, or any other suit- 
able substance, the change which takes place, whereby the 
organic matter in solution is oxidized, is the same. 

It is essential that the sewage should be applied 
intermittently to the land or filters, so that the air in the 
interstices of the filtering medium may by this means be 
periodically renewed. Unless this takes place the nitrifying 
organisms cannot oxidize the ammoniacal salts and convert 
them first of all into nitrous acid, and finally into nitric acid, 
from two-thirds to three-fourths of which acids are oxygen. 
When these acids are formed they immediately replace the car- 
bonic acid in the carbonates of lime, potash, or whatever base 
the carbonic acid present is combined with, and form nitrates 
of such bases. The nitrogen in solution therefore passes away 
in the sewage effluent as a nitrate ; it is not removed. These 
nitrates are quite harmless ; as a rule nitrate of lime is the 
particular nitrate which is formed. The general characteristics 
of nitrates are similar to nitrate of potash or saltpetre. 

If such a sewage as the average one previously referred to 
were strained through filter-paper, the albuminoid ammonia 
would be reduced from 1*0 to about 0*50 parts per 100,000. All 
the matters in suspension would be removed, two-thirds of 
which we have seen are organic matter, being half the total 
organic matter in the sewage. In the laboratory, also, by 
carefully regulated experiments with precipitants, the whole 
of the suspended matters can be thrown down, and from 10 to 
25 per cent, of the organic matter in solution, the albuminoid 
ammonia, upon analysis, being reduced to 0*40, or slightly 
less. But in practice, by precipitation, the solid matters in 
suspension, and not more than 10 per cent, of the organic 
matter in solution, are removed. 
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The removal of the suspended matter is the easiest part of 
the process of sewage purification. The change is a physical 
one, whether the suspended matters are arrested mechanically 
on the surface of the soil, as in irrigation, or are entangled by 
a chemical during precipitation, and carried to the bottom of 
a precipitation tank. The rest of the purification is a biological 
action, the organic matter in solution not being removed, but 
oxidized by the nitrifying and other acid-producing bacteria. 

To sum up, then : of the total organic matter, about 50 per 
cent, can be precipitated as sludge, when chemical treatment 
is adopted as the first stage of purification ; or, as will be seen 
hereafter, nearly the same proportion can be removed by 
fermentation into gaseous compounds, such as marsh gas, 
carbonic acid, and ammoniacal derivatives, when the first 
stage of purification is effected in an open or a closed septic 
tank. 

In the first stage, however, whether it be by precipitation 
or by septic tanks, it is practically only the solid matter in 
suspension which is touched, and no oxidation of the organic 
matter as yet takes place. 

In the second stage, purification is effected by oxidation, 
the organic matter being oxidized into organic acids, nitrous 
and nitric acids, all of which combine with the mineral 
matter of the sewage to form harmless mineral salts. 

An average sewage would, in the process of purification, 
undergo the changes illustrated by the analyses below — 



Parts per 100,000. 



(0 
CO 



^ 



Effluent from filters 



100 



s 5 



SO 



Crude sewage 140 40 

After precipitation or treat-V -.q- ^ 
ment in septic tanks / 

" " Nil 



•c 

o 

O 



12 
12 
12 



I 
I 



2 . 



50 10 
6-0 0-5 
1-5 005 



% 



CO 

d 



00 tJ 

O 08 




gen absorbed 
mins. after 7 
' incubation. 


trescibility. 


itrogen as 
nitrates. 




4-5 


Tk 


7-0 


Nil 


8-5 


1-5 


Nil 


001 


Nil 


1-5 



It will be noticed that by the precipitation the suspended 
matter has been removed, and that the total solid matter has 
practically only been diminished by the removal of the bulk 
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of solid matter in suspension, while the chlorine has not 
diminished at all. An efSuent, such as that above, if bottled 
up and kept at a warm temperature will not become foul, and 
when diluted with running water and exposed to the air and 
light will not become a nuisance. The author has within his 
knowledge a case where a river, after receiving the unfiltered 
eflSuent from a sewage works, passed down crevices in the bed 
of the stream into a cavity in the limestone, where it stagnated 
without the access of air and light, and periodically overflowed 
into the river. At the times when this matter overflowed 
a considerable nuisance from sulphuretted hydrogen was 
occasioned. The albuminoid ammonia in the mixed sewage 
effluent and river water upon analysis was found to be 0*10 
part per 100,000 ; the effluent itself varied from 0-12 to 0*25 
parts per 100,000, and contained no nitrates.* 

Bottles of this mixture of river water and sewage effluent, 
in which mixture the albuminoid ammonia was O'll part per 
100,000, were hermetically sealed and placed in the dark for 
several weeks, when they gave off the smell of rotten eggs. 
The whole of the oxygen in solution in the water was taken 
up by the sewage matter. The above experiment is sufficient 
to show that the standard suggested of 01 per 100,000 of 
albuminoid ammonia is not unnecessarily stringent ; the 
author suggested it to his authority as a provisional standard 
until all the sanitary authorities in his county have levelled 
up to it. He is fully aware that many authorities turn out 
effluents with albuminoid ammonia less than 0'05 or even 
0*04 per 100,000; but it is advisable only to fix a minimum 
standard that all authorities without exception can comply 
with. 

The Eivers Pollution Commissioners, in their sixth report, 
gave a large number of analyses of effluents from sewage 
farms ; the albuminoid ammonia is not given, but the organic 
nitrogen is given as 0'191. If we take the albuminoid ammonia 
which will be yielded as two- sevenths of this, 0*054 would be 
the albuminoid ammonia in the effluents tabulated by them. 
It will be remembered that the organic nitrogen which they 
suggested should be taken as a standard in 1868 was 0*3 ; 
again, taking two-sevenths of this as the albuminoid ammonia, 

*Had this effluent contained nitrates it is probable tbat no putrefaction 
would have occurred. 
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we have a standard of 0*086, a more severe standard than the 
one suggested. The London County Council experiments on 
various methods of filtering sewage also showed that a stan- 
dard of O'l per 100,000 of albuminoid ammonia could easily 
be complied with. The average result of fourteen experiments 
on filtering through coke breeze was 0*1 per 100,000; and 
after filtering through polarite, 0*088 per 100,000. 

The Sewage Committee of the British Association reported 
in 1870 that the effluent water from the sewage farm at Rom- 
ford contained 0*037, 0*035, and 0*036 parts of albuminoid 
ammonia per 100,000. The following year (1871) they 
reported that the effluent contained 064 and 045, while 
the effluent from Norwood farm contained 0*06, and the Tun- 
bridge Wells farm 0*09 ; the effluent water from Reigate farm 
contained 0*06 part per 100,000 of albuminoid ammonia ; and 
the effluent from the Berley sewage farm yielded from 0*039 
to 0*05 parts per 100,000. All the modern works in the 
author's district constructed on the lines of septic tanks and 
percolating filters regularly produce effluents which yield 
albuminoid ammonias varying from 0*05 to 0*08 parts per 
100,000. It will, I think, therefore be conceded that a 
standard of 0*10 part per 100,000 of albuminoid ammonia, 
and 1*0 of oxygen absorbed at 80° Fahr. in four hours, is 
one that all authorities should be called upon to comply 
with, the danger of diluting down to this standard being 
prevented by also insisting upon the effluent containing at 
least 0*5 part per 100,000 of nitrogen in the form of nitrates. 



CHAPTER III. 

VARIETIES OF SEWAGE AND THE CHANGES IT 

UNDERGOES. 

Volume per head — Storm water — Chemical composition of different sewages — 
Variations in the chlorine — Night and day sewage — Hourly variations in 
flow and composition — Changes sewage undergoes by keeping — Purifica- 
tion effected by clarification, nitrification, and bacteriolysis^-Importance 
of sewers being self-clean siug — Table giving maximum discharge of 
various-sized sewers at different inclinations. 

The volume of sewage varies greatly in different towns 
and districts, and depends largely upon the volume of the 
water supply, and whether trade wastes are admitted into the 
sewers. The water consumed in Leicester and Nottingham 
is 20 gallons per head per day, Birmingham and Sheffield 
25, Manchester 30, Leeds, Liverpool, and Belfast 35, while 
at Glasgow it is over 57. 

In the coal-mining districts of Derbyshire, the volume 
may be taken at 12 gallons per head per day. A more usual 
allowance for small urban districts is 20 gallons per head 
per day; while in manufacturing towns, where the water- 
carriage system is adopted, the quantity is from 35 to 40 
gallons per head per day. 

Eecent reports I have been favoured with show that the 
quantity of sewage at Birmingham is 30 gallons per head 
per day, at Leeds it is 36 gallons per head per day, at 
Leicester 39 gallons, at Manchester 38*4 gallons, and at 
Sheffield 50 gallons; while at Burton, owing to the large 
amoimt of brewery waste, the volume is 100 gallons per head 
per day ; and at Buxton, owing to the large amount of bath 
water, it is over 100 gallons per head per day. 

Storm Water. — It should be understood that the volumes 
of sewage alluded to are the dry-weather flow; but as the 
back yards of houses are invariably drained into the public 
sewers, and, as a rule, the streets are also drained into the 
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sewers, it will be obvious that the least fall of rain will con- 
siderably augment the volume of sewage to be treated. 

The first washings from the streets and from the back yards 
produce sewage which is considerably stronger than that of 
the normal dry-weather flow, but after the surface has been 
swilled the surface drainage gradually becomes more and 
more dilute, and in time is little more than rain water. 

The question therefore arises, When is the sewage so diluted 
that it may be permitted to pass unpurified into the streams ? 

This is a question upon which great differences of opinion 
have existed in the past. On the one hand, those who are 
responsible for the purification of the rivers, have asked that 
the dilution should be eight times the dry-weather flow. On 
the other hand, those who are responsible for preparing 
sewerage schemes for large towns, have insisted that three or 
four dilutions is sufficient. The Local Government Board 
have adopted a practice which is a compromise, namely, that 
three times the dry-weather flow must be fully treated as 
sewage proper, and between three and six times the dry- 
weather flow must be partially purified through streaming 
storm-water filters. These storm- water filters are constructed 
of clinker or other coarse material, to filter at the rate of 500 
gallons per superficial yard per day, or two and a half 
million gallons per acre per day. 

This rule is quite fair as long as the dry-weather flow does 
not exceed 30 gallons per head per day, but, in a case like 
Buxton, where the dry-weather flow is 100 gallons, it is out of 
the question to suggest that six times the flow should be treated. 

The rule would perhaps be more generally applicable if it 
were provided that the three times the dry- weather flow, which 
has to be treated, should not exceed 120 gallons per head per day. 

Where there is entirely a separate system, the Local 
Government Board insist upon twice the dry-weather flow 
being fully treated, and from two to four times being filtered 
on a storm-water filter at the rate of 500 gallons per super- 
ficial yard per day. 

The table on pp. 26 and 27 gives the average composition of 
a number of sewages. It will be seen that American sewage is 
much weaker than English, this of course being due to the 
larger amount of water used. Buxton also has an exception- 
ally weak sewage, the water from the celebrated public springs 
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being passed into the sewers. It should be pointed out that 
Buxton is a water-closet town. A comparison of this sewage 
or that of London and of the 36 water-closet towns, with that 
from the 20 midden towns, clearly shows that the sewage 
from a water-closet town is no stronger than that from a 
midden town. 

The chlorine, it will be seen, varies from 2 to 173 parts 
per 100,000. In the strongest domestic sewage, when the 
water supply is only 5 or 6 gallons per head, the chlorine 
will be about 15 parts per 100,000 over that in the drinking 
water. The strongest domestic sewage the author is aware 
of is that given in sample No. 12, and the chlorine was 19*6. 
It was from a group of new houses, all of which were pro- 
vided with slop water-closets, the excreta being removed by 
the slop water accumulating in tippers which automatically 
flushed the closets. 

In the case of the Berlin sewage the chlorine is 21 '8. 
This high amount of chlorine is accounted for by the fact 
that from the baths in the Admiral's Gardens 2,000,000 kilo- 
grams of salt pass yearly into the sewers. At Salford the 
high (jhlorine is accounted for by the bleach, dye, and other 
manufacturers' wastes which enter the sewers ; and the ex- 
tremely high figure in the Wolverhampton sewage is caused, 
of course, by the galvanizers' pickle. The albuminoid am- 
monia is on the whole the most important result of analysis 
to look at, as it is an index of the polluting organic matters. 
It varies from about 0*25 in weak sewage to 3, or occasionally 
more, parts per 100,000. 

It has been pointed out that the composition of sewage 
varies at different times of the day. Thus the Sewage Com- 
mittee of the British Association, in their Eeport for 1870, 
give the following analyses of Bury sewage : — 



Parts per 100,000. 



Collected during day. Collected during night. 



Total solids 

Solids in suspension 

Chlorine 

Ammonia ... * 

Albuminoid animonia 



1370 
64-8 
i:5-6 



3-8 
0198 



.88-6 
Trace 
4-7 
0-76 
.0 04 
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This variation in the composition of sewage is a matter 
that must be carefully borne in mind, as it has frequently 
been taken advantage of by interested persons to show an 
undue percentage of purification. If it takes five hours for 
the sewage to pass through the purification works, and a 
sample of the effluent and the raw sewage are taken at the 
same time, say about 9 a.m., it will be evident that the 
effluent is from the night sewage ; and in the case of Bury, 
though no purification at all were taking place, it might be 
claimed that the organic matter as indicated by the albuminoid 
ammonia was being reduced nearly 80 per cent. The deter- 
mination of the chlorine in the sewage would, however, show 
that the sewage and the effluent were not comparable. One 
reason for the night sewage becoming so weak is that water- 
taps are left running, as well as the dilution of the sewage 
with the subsoil water. This leakage of the subsoil water 
into the sewers took place to a much greater extent with the 
old brick sewers than it does with sanitary pipe sewers laid 
with cement joints. 

In 1870 Mr. Bailey Denton reported to the Sewage Com- 
mittee of the British Association that at Blackpool the sewage 
was actually 1,000,000 gallons a day, when the amount 
calculated from the water supply was 250,000 gallons, while 
at Hartford the discharge from the sewers was nine times the 
water supply. On a sewage farm recently constructed in 
the author's district, before a single house was coupled with 
the sewers, 40,000 gallons a day of water were delivered 
at the farm. 

The following hourly estimations, by Mr. F. Perkins, F.I.C., 
of the chlorine in the Exeter sewage, show, when taken in 
conjunction with the hourly gaugings of the sewage, that its 
strength gradually increases in the daytime pari passu with 
the volume of the sewage : — 



6.20 a.m. 

7.20 

8.20 

9.20 
10.20 
11.20 
12.20 p.m. 

1.20 „ 






• • • • • 

• • • • • 

• • • • • 

• • • • • 
■ • • • • 

• • • • • 

• • • • • 

• • • • • 



Parts per 100,000. 
Chlorine. 

2-2 

2-6 

3-2 
4.4 

9-2 
10-8 
10-2 

8-0 
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2.20 


p.m. . 


3.20 




4.20 




5 20 




6.20 




7.20 




8.20 




9.20 




10.20 




11.20 




12.20 


a.m. 


1.20 




2.20 




3.20 




4.20 




5.20 




.B. — The chlorine 



Parts per 100,000. 
Chlorine. 

8-7 
6-0 
14-25 
70 
70 
5-2 
50 
6-0 
4-4 
4-6 
40 
3-4 
2-8 
2-6 
2-6 
2-3 

in the drinking water is 1*3, but that in the subsoil 
water will probably be higher. 

In every case the sewage becomes weaker in the small 
hours of the morning, and where the sewers have tapped 
much ground water it becomes for an hour or two, about 
4 a.m., quite clear and almost innocuous. 

The diagrams in Fig. 2 (next page), after Santo Crimp, 
show the variation in the hourly flow of the sewage at a 
number of towns, and they should be compared with the 
estimations of the chlorine in the Exeter sewage. 

As a rule, half the sewage passes off in eight hours, viz, 
9 a.m. to 5 p.m. As there is always some leakage of subsoil 
water and some dilution from water-taps left running, it will 
be obvious that the sewage will be most diluted when the flow 
is least, and strongest when the flow is greatest. The fresher 
the sewage, the less the organic matter in solution ; and the 
more the sewage is agitated by pumping, etc., the more the 
solid matter is broken up and the more it enters into 
solution. 

In addition to the variations due to the amount of water, 
a considerable difference in the nature of sewage is caused by 
the quality of the water in use in the district, and this is a 
point which has some influence on the question of treatment. 
From the point of view of the sewages they produce, waters 
may be grouped into three classes : soft waters, such as 
upland surface waters; waters with a moderate temporary 
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hardness ; and waters of a high permanent hardness con- 
taining sulphates. 

Sewages formed from waters of the Uflt group are liahle 
to undergo decomposition with the production of sulphuretted 
hydrogen from the reduction of the sulphates, so that on the 



FiQ. 2.— Diagram Bhowing Hodhly Flow op Sewage (reproduced, by per- 
roiiiion, from W. Siinlo Crimp's " Sewage DiBpoaal Works," published by 
C. Griffia & Co., Limited, London). 

whole, therefore, a water with a moderate temporary hard- 
ness from carbonate of lime forms the easiest sewage to 
treat. 

From what has been said, it will be seen that sewage is 
an extremely complex and unstable liquid. When quite fresh 
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it is practically inodorous, and, if not coloured by manu- 
facturing wastes, is opalescent and of a light grey colour. 
Allowed to stand in a glass, a varying amount of solid matter 
will be seen to settle to the bottom, while particles of sus- 
pended matter, such as filaments of paper and fabrics, 
albuminous fiocculi of animal tissue^, and shreds of vegetable 
matter, will be found floating in it ; and upon the surface 
particles of a fatty and soapy nature will accumulate. 

The great bulk of the nitrogen in the sewage leaves the 
human body in the uriue in the form of urea. Chemically, 
urea, which is the last product of the oxidation of albuminous 

foods, is of the following composition, C0< jjjg^, and when 

obtained pure and dry has the form of colourless glisten- 
ing crystals, without smell, and of a cooling and nitre-like 
taste. But almost immediately upon leaving the body it is 
attacked by one or other of two micro-organisms constantly 
present in the air, the baciUvs urece and the micrococcus urece 
of Pasteur. Both of these organisms rapidly convert urea 
into carbonate of ammonia. The change which takes place 
may be expressed chemically as follows : — 



UREA + WATER. CarboDAte of ammoQia. 



CO 



{nH2 ^^^^ " (NH4)2C08 



This is thersubstance which gives stale urine and stables their 
pungent smell. 

By the time the sewage reaches the sewage disposal works, 
as a rule the urea is completely transformed. If the sewage 
is kept without undergoing purification for a day or so it 
undergoes putrefaction, and begins to give off foul emanations ; 
in the course of two or three days the albuminous matters 
begin to split up, carbonic acid, marsh gas, and ammoniacal 
derivatives being evolved, and the sewage, particularly when 
the water contains sulphates, yields sulphuretted hydrogen, 
which is known by its characteristic odour of rotten eggs. 
When this gas is formed the sewage becomes black. As the 
above changes take place, more and more of the solid matter 
enters into solution, and the sewage becomes more diflSicult 
to treat by chemical processes, and proportionately easier to 
purify by biological methods. 
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The change which takes place is sometimes called " hydro- 
lysis," or loosening by water, and may be expressed by the 
following empirical formula : — 

1 part of albumen,* takes up 6 parte of water, 
consisting of— consisting of— 

7 atoms of carbon 
114 .. „ hydrogen ^2 atoms of h3'drogen 
„ nitrogen \1 






atom „ oxygen 



j> 



oxygen 



and thus forms — 



1 part of carbonate of 
ammonia, consisting of— 

[1 atom of carbon 
1 8 atoms „ hydrogen 

12 „ „ nitrogen 

13 ., „ oxygen 



>> 



3 parts of marsh 
gas, consisting of— 

1 atom of 
carbon 

1 4 atoms of 
hydrogen 



3 parts of 
carbonic acid, 
consisting of— 

1 atom of 
carbon 

12 atoms of 
oxygen 



and 3 parts of 
hydrogen 

consisting of 
6 atoms of 
hydrogen 



or briefly thus — 



C7H14N2O3 + 6H2O = (NH4)2C03 + 3CH4 + 3CO2 + 3H2 

Frdm what has been said, I think it will be seen that there 
can be no one process equally suitable for every sewage, but 
that the method of treatment for any particular sewage must 
depend upon the nature of the sewage, its freshness at the 
outfall, the character of the manufactures, and the quantity 
and quality of the water supply of the district. There are, 
however, certain general principles which are the same in 
every process of sewage purification, from irrigation on a 
sewage farm to the latest artificial schemes of purification by 
precipitation, hydrolysis, filtration through bacterial filters, 
or by contact beds. 

There are two stages in the purification of sewage, just as 
there are two kinds of polluting matter in sewage, namely, the 
solids in suspension and the soluble polluting matter.f These 
two stages are — 

* The percentage composition of albumen is approximately 54 parts carbon, 
7 parts hydrogen, 22 parts oxygen, 16 nitrogen, and 1 sulphur. 

t Where the septic tank process is adopted it is most desirable that all sus- 
pended mineral matter should be removed in detritus or sedimentation tanks, 
otherwise the trouble caused by silting up the septic tank is greatly increased. 
In the older precipitation processes it was of advantage to have mineral matter 
present, as it helped to carry down the suspended organic matter, and coal dust 
has even been added for this purpose. 

D 
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Fh'st Stage : Clarification, or the removal of the polluting 
matters in suspension. — The first stage, or the removal of 
suspended polluting matter, has in past years been effected by 
adding a chemical to the sewage and allowing it to settle in 
tanks. The process is known as precipitation, the solids in 
suspension being precipitated or thrown down to the bottom 
of the tanks as a sludge, which has to be periodically 
removed. 

Second Stage : The oxidation and nitrification of the organic 
matter in solution by means of nitrifying and other oxidizing 
bacteria. — This change is the same however the sewage is 
treated, whether by irrigation or intermittent filtration, either 
through land or specially prepared filters of coal, clinker, 
destructor cinders, coke breeze, burnt ballast, or by means of 
contact beds. 

By bacterial processes it is now practicable to liquefy by 
fermentation the solid organic matters in sewage, preferably 
in tanks (closed or open septic tanks), but also in upward 
flow or lateral roughing filters, or by means of first contact 
beds. 

The resultant liquid from this process is very similar to 
the tank effluent produced by precipitation ; it contains com- 
paratively little suspended matter, but the polluting matters 
in solution are practically unaffected. 

The extent to which the organic solids are liquefied depends 
upon the working capacity of the septic tank. Where the 
working capacity is over a day's flow suspended solids will be 
reduced to 4 or 5 parts per 100,000, and where the working 
capacity of the tanks is reduced to half a day's flow, the 
tank effluent will still contain 10 to 20 parts suspended matter 
in the 100,000. 

As in precipitation processes the solid matter in sus- 
pension in the sewage can be entirely removed while that in 
solution cannot be separated, but must be oxidized to render 
it harmless, it follows that in chemical processes the sewers 
should have a good gradient so as to bring the sewage 
as rapidly as possible to the outfall works. Where much 
manufacturing waste containing organic matter and hot 
water is poured into the sewers, there is still greater need for 
the sewage to be brought quickly to the outfall works. This is 
more especially the case with brewery sewage, which contains 
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much unstable organic matter, degenerate yeast, the warmed 
water used in the cooling, and, as a rule, a water supply con- 
taining sulphates. 

When such conditions as the above are present, it is most 
important that there should be no chance of even a temporary 
deposit in the sewers, and every means should be taken to 
cause the sewage to flow as rapidly as possible, as unless this 
is done the organic matter will be split up, the sulphates 
reduced, and large volumes of sulphuretted hydrogen be 
evolved, which gas, besides causing serious nuisance, will 
enter into chemical combination with the iron salts or lime 
used as a precipitant, and thus render them to that extent 
inert, so that larger quantities of the precipitant have to be 
used. 

The following observations on " bottom velocities *' were 
made by the late Mr. Beardmore : — 

30 feet a minute will not move clay with sand. 

40 „ „ „ move coarse sand. 

60 „ „ „ „ pea gravel. 

120 „ „ „ „ 1 in. rounded pebbles. 

180 „ „ „ „ 1| in. angular stones. 

The bottom velocity is between three and four-fifths of the 
surface velocity, and it should always be sufficient to render the 
sewer self-cleansing. Under no condition should the velocity 
be less than two feet per second. 

The following table gives the maximum discharge per 
minute of various-sized sewers within the range of permissible 
fall. A glance at it is sufficient to show that, if a sewer had 
only to convey the sewage undiluted with rain water, much 
smaller sewers than are generally used would be sufficient, but 
there is also a certain amount of rainfall which must be 
allowed to enter the sewers ; this is usually calculated at \ of 
an inch per diem upon the inhabited area draining into the 
sewers. The Local Government Board require that disposal 
works shall be provided for dealing fully with the sewage until 
the volume is trebled by the rain water; they also require that 
between three and six hours the dry-weather flow shall be 
partly treated, after which the storm water may be allowed to 
go untreated into a river (see p. 25). 
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CHAPTER IV. 

RIVER POLLUTION AND ITS EFFECTS. 

Self-purification of rivers — Bacterial purification, by sedimentation, by bio- 
logical changes— Gross pollution causing nuisance — Ptomain poisoning 
from polluted waters — Eifects of polluted water on oyster culture — 
Typhoid fever and polluted river water. 

River Pollution. — Having described what sewage is, and 
the various circumstances that have an influence upon its 
quality and quantity, it would be well to briefly consider the 
results of pouring it directly into the streams and water- 
courses. 

The Sixth Eeport of the Eivers Pollution Commissioners 
deals fully with the so-called self-purification of rivers. The 
Commissioners came to the conclusion that sewage mixed 
with twenty times its volume of pure water would only be 
about two-thirds purified in a flow of 168 miles, at the rate 
of one mile an hour. They also showed that a 5 per cent, 
solution of London sewage in highly oxygenated water was, 
in the course of five days, practically devoid of oxygen, and 
would therefore be unable to support fish life. It is pro- 
bable that the Commissioners under-estimated the amount of 
purification which takes place when the pollution is not 
sufficient to deprive the water of all its oxygen in solution. 
When the pollution is suflSiciently great to deprive the water 
of all its oxygen in solution, the natural biological cycle of 
vegetable and animal water life is stopped, and no purifi- 
cation, except by subsidence and decomposition of mud, 
takes place. 

When sewage matter is turned into a running stream the 
heavier insoluble mineral particles gradually subside, and in 
falling to the bottom they entangle a certain amount of 
organic matter, and some purification is thus effected. . It is 
obvious, however, that where the current is not rapid, as in 
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tide-locked rivers, in lakes and mill dams, a certain amount 
of silting up must occur. The extent to which this takes 
place will be appreciated when we examine the cost of 
dredging the Manchester Ship Canal, periodically published 
in the Manchester Guardian. I find that in 1896,* 600,000 
cubic yards of sludge were removed, 400,000 being con- 
tributed by the Irwell, and 200,000 by the Mersey and BoUin. 
The nature of the deposit will be seen from the following 
analysis by Mr. W. Naylor, F.C.S., of the mud taken from 
Salford dock after beinsr dried at 100° C. : — 



Organic matter 
per cent. 



14 



»lica and in- 

soluble matter 

per cent. 



Carbonate of lime 
per cent. 



77-5 



8-6 



Oxide of iron per 
cent. 



40 



Alumina and 

other metallic 

oxides per cent. 



0-9 



The river Ehone presents an excellent example of self- 
purification by subsidence. It enters the Lake of Geneva 
at its head, discolouring its waters for several miles by its 
rapid, turbid stream. A delta between six and seven miles 
long has been formed, and is said to be growing at the rate 
of a mile every five hundred years. Having thus deposited 
its mud, it leaves the lake a clear blue limpid stream. 

Besides subsidence, there is a certain amount of oxidation 
taking place, particularly in the presence of salts of iron. 
Putrescent sewage reduces these salts to the ferrous state, 
ferrous sulphide giving sewage its characteristic black colour. 
These ferrous salts, in the presence of oxygen dissolved in 
water, become oxygenated ferric salts once more, to give up 
their oxygen to the sewage matter and again become ferrous 
salts. It is probable that nitrates are reduced to nitrites, 
and nitrites again to ammonia, through the action of 
putrescent organic matter in the presence of iron salts. Dr. 
Stevenson also suggests that compounds of iodine act as 
oxygen carriers. 

Leaving the physical and chemical changes which take 
place when the sewage is added to running water, we now 

♦ In 1902, 900,000 cubic yards were dredged, in spite of the active operations 
of the Mersey and Irwell Joint Rivers Board in causing sewage purification 
schemes to be carried out. The great bulk of this solid matter is probably 
derived from the surface water from roads. 
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come to the consideration of the biological changes. The 
bacteriological life in river waters has during the last ten 
years been made the subject of many investigations in 
England and America, and on the Continent. The Water 
Eesearch Committee of the Royal Society, and Dr. Frank- 
land, have published in this country most important con- 
tributions upon this subject, more particularly upon the 
vitality of pathogenic organisms in river water. It is found 
that the typhoid bacillus and the bacillus of tuberculosis will 
live in river water for many days, the cholera organism for 
several months, and the anthrax bacillus for as long as two 
months. 

One point upon which all authorities are agreed is that 
the number of bacteria in river waters in the summer months 
is much smaller than during the winter ; the reason for this 
is that during the dry weather the rivers are chiefly spring 
water, while in the wet season they receive the drainings 
from manured fields, the sewage coming through storm 
overflows, and the washings from streets and cultivated land. 

The bacteria in sewage may amount to almost any number, 
as many as 30,000,000 to a cubic centimetre having been 
estimated, but the number is usually 1 to 10 million. From 
this it will be obvious that one of the effects of turning 
sewage into a river must be to increase its bacterial contents. 
The following are the results obtained in specific cases by 
well-known observers : — 



Bacteria per c.c. 
Above Shrewsbury. 

7000. 


The Severn. 

Bacteria per c.c. 
Below Shrewsbury. 

24,000. 

Rivers Pollution Commissioners. 




The Rhone, 






Above Lyons. 

75. 


The Saone. 




Below Ljons. 

800. 

G. Roux. 


586. 


The Spree. 




4280. 

G. Roux. 


In Berlin. 
2000 to 20,000. 




Below Berlin. 

50,000 to 500,000. 




At Sacrow below Havel Lake. 

1500 to 20,000. 


M. Frank. 
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The Derwent. 

Bacteria per c.c. Bacteria per c.c. 

Above Derby. Below Derby. 

1870. 19,440. 

Author. 

It should be explained that Havel Lake is seven miles 
long, and from a quarter to over one mile in width. The 
comparative great bacterial purity of the river at Saerow is 
due to the subsidence and sedimentation in Havel Lake. 
Prausnitz gives the number of bacteria in the Iser above 
Munich as 530 per cubic centimetre, while 13 kilometres 
below the town it is 9111 ; 22 kilometres away the number 
falls to 4796; and at Freising, 33 kilometres below Munich, 
the number is reduced to 2378. The time occupied by the 
Iser in flowing from Munich to Freising is about eight hours. 

The diagram on the opposite page (Fig. 3) is reduced 
from the Second Eeport of the Eoyal Commission on Sewage 
Disposal, and illustrates the changes in the bacterial contents 
of the river Severn effected by pouring into it the sewage of 
Shrewsbury. 

Other remarkable instances of the bacterial purification 
of river waters by sedimentation are recorded by Dr. Percy 
Frankland ; * but all the instances are open to the criticism 
that the results obtained are not wholly due to subsidence, 
but are also partly due to dilution. Some 150 varieties of 
bacilli and 40 varieties of micrococci in their growth attack 
organic matter and liquefy certain albuminous substances. 
The soluble products of the decomposition of this organic 
matter are absorbed by algae and other plants of low type. 
These minute fol'ms of vegetable life are the food stuff for 
rudimentary species of animal life, which serve in turn to 
nourish the larger animalculse, which in their turn are the 
food stuff of fishes. These changes take place only when the 
water contains oxygen in solution. When the water contains 
no oxygen other series of bacteria grow in the water, and in 
their growth, as a rule, produce noxious emanations. 

If the sewage is only small in amount, coarse fish live on 
the particles of fat, etc., which are suspended in it ; eels, and 
molluscs too, flourish in the mud deposited, and effect a 

* Frankland, " Micro-Organisms in Water." Longmans. 
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certain amount of purification. Green veeda thrive, and, 
like all chloropbyllous plants, thej give off oxygen, which in 
the nascent Btate is a most active oxidizing agent. But if 



Bacteria 
perC.C. 
2S,000 



7 II IZ IS 1^ IS IS 17 IB 19 20 2ISZ Z3Z«2S Mites 



miB shows Bacilli Coil 
p^^fl „ Total Bacteria 



the pollution goes bejond a certain limit the green weeds die, 
the fish disappear, and the purification effected by both will 
cease. 

It is not probable that nitrifying organisms grow ia water 
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to any great extent, as they require exposure to the air, but 
in mud the organic matter is attacked by putrefactive organ- 
isms, with the result that marsh gas is evolved ; bubbles of 
this gas may be seen rising to the surface of any mud bank 
of a polluted stream, and in this way a certain amount of 
purification is effected. If the organic matter contains much 
sulphur, sulphuretted hydrogen is also evolved. This way of 
getting rid of the organic matter is most undesirable, as more 
or less of a nuisance is bound to be caused, and it is merely 
mentioned as a matter of scientific interest. 

The nuisance formerly caused by the discharge of the 
unpurified sewage of London is notorious. The Metropolitan 
Sewage Commissioners reported in 1884 that in hot weather 
very serious nuisance was caused by the foul state of the 
water, the smell being most offensive, and the water unusable ; 
that the sand dredged near the outfalls, which formerly was 
pure, was contaminated with foul mud, and that for fifteen 
miles below the outfalls the fish had disappeared from the 
river. During the Commissioners' inquiries they had occasion 
to embark upon the Thames, and three out of the five who 
went upon the river, together with the clerk who attended 
them, were attacked during the night of their excursion with 
severe diarrhoea, which they attributed to the nauseating 
odour from the river. Of course, nuisance of this kind arises 
where the volume of sewage discharged into the river is large, 
and sufficient to use up all the available oxygen in solution 
in the water. 

But it is not necessary for pollution to take place to this 
extent to become dangerous. In the grosser forms of pollu- 
tion alluded to, the river water is, of course, unfit for use for 
any purposes except irrigation. It is not even fit for washing 
the floors, much less for milk-cooling, for cattle to drink, and 
the washing of dairy utensils. In this connection it is as well 
to point out that one of the commonest bacilli in ordinary 
sewage is the bacillus coli communis, the common bacillus of 
the animal intestine. In a report made to the London County 
Council by Dr. Andrewes and Mr. Lawes, it was shown that 
the number of these bacilli present in sewage varied from 
20,000 to 200,000 per cubic centimetre. As is well known, 
bacilli coli in their life processes elaborate dangerous ptomains, 
and if water in which these bacilli were present was used for 
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washing out milk-vessels, disastrous consequences from ptomain 
poisoning might ensue. Similarly mussels from beds which 
receive sewage give rise to ptomain poisoning. When typhoid 
bacilli are in the sewage under the above circumstances out- 
breaks of typhoid fever would follow. 

Where river water polluted with sewage is even more 
dangerous is where it has access to oyster-beds. The Twenty- 
fourth Annual Eeport of the Local Government Board con- 
tained a supplement on " Oyster Culture in relation to 
Disease." In this report it was clearly shown that a number 
of outbreaks of typhoid fever, both in this country and in 
America, were caused by the consumption of raw oysters, 
which had been exposed in the fattening-beds to sewage- 
contaminated water. Indeed, the report goes so far as to 
say that only a few of the fattening-beds in the country can 
be regarded as theoretically free from possible chance of 
sewage pollution.* 

As instances of the conditions then existing, Cleethorpes 
may be quoted. These layings, which are among the largest 
in the country, are situated three-quarters of a mile below 
one outfall and a mile and a half below the other outfall from 
Cleethorpes, the two sewers bringing the sewage from a popu- 
lation of about 7500. From one mile to one mile and a half 
higher up the river than these sewers, Grimsby, with a 
population of 60,000, drains into the river. Similar condi- 
tions exist at Southend, Medina river, and other well-known 
oyster-beds. 

One of the best-known outbreaks of typhoid fever due to 
oysters is that which occurred amongst the students of 
Wesleyan University, Middletown, Connecticut, U.S.A. This 
outbreak affected a number of the students and their friends 
who attended the initiation suppers. The evidence in this 
case is as follows : — 

1. The dates of the cases plainly point to a single source 
of infection. 

2. This source of infection coincides as to date with the 
initiation suppers. 

3. Four guests at the suppers, having no further connec- 
tion with the College, developed typhoid simultaneously with 
the cases in the College. 

* Since this was written great improvements have been inaugurated. 
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4. The cases of typhoid occurred only amongst those 
attending three out of seven banquets. 

5. Only one article of food was consumed at the three 
banquets that was not consumed at the other four, viz. raw 
oysters. 

6. Twenty-five per cent, of those who consumed the 
oysters in question were attacked. 

7. The oysters came from a creek 300 feet below the out- 
fall of a sewer discharging sewage from a house where there 
was typhoid fever. 

That the reality of this danger is appreciated by the 
public. will be seen by the fact that the London Fish Trade 
Association petitioned the Government to ask Parliament to 
pass a Bill prohibiting the pollution of fisheries, and have 
invited the co-operation of the various County Councils in the 
matter. 

Where the pollution is of a less gross nature, and the 
chemist has been unable even to detect it, outbreaks of 
typhoid fever have still been caused by drinking the water. 
The best-known example of this kind is the now notorious 
outbreak of typhoid in the Tees Valley investigated by the 
late Dr. Barry, of the Local Government Board, of which 
outbreak the late Sir Richard Thorne well said, ** Seldom, 
if ever, has proof of the relation of water so befouled to 
wholesale occurrence of enteric fever been more obvious and 
patent." 

The chief facts of this outbreak are shown on the diagram. 
Fig. 4. The population of the ten Registration Districts 
affected was 503,616. Of this number 219,435 drank water 
supplied by water companies who drew their supplies from 
the Tees, the water being filtered through sand-filters ; the 
remaining population of 284,181 obtained their supplies from 
other sources. The first population had an attack rate of 
29 and 24 per 10,000 for the two six-week periods, and the 
other population had an attack rate of 3*5 and 1'5 for the 
same periods. 

Reference to Fig. 4 will show that the two outbursts of 
typhoid fever followed closely upon two very heavy rainfalls, 
which, as a matter of fact, washed out privy-middens and 
other filth into the river. The total population on the 
watershed above the intakes of the water companies is about 
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21,000, of which about 12,000 drain more or less directly 
into the river Tees. 

From the above instances it ■will be seen that no direct 
contamination of river water with anpnri£ed sewage, how- 



ever slight, should be tolerated above the intakes of any 
water company, but whether it would be more economical 
to shift the water intake high up the stream, or construct 
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such an area of sewage filter as would render the effluent 
quite innocuous, will depend upon local circumstances. Every 
case must be dealt with on its merits, but as a general 
principle, if further works than are sufficient to comply with 
the law are required for the protection of any water company, 
the cost of the additional works should be borne by the water 
company. 



CHAPTEK V. 

THE LAND TREATMENT OF SEWAGE. 

Sewage farms — Only indicated where soil is suitable — Clay lands nearly use- 
less — The theory of nitrification — Intermittent downward filtration — 
Irrigation proper — Stratford-on-Avon farm — Edinburgh farm — Paris 
farm — Berlin farm — Proper method of laying out and working a farm — 
Quantity of land required — Fallacy of the manurial value of sewage. 

Sewage Farms. — Perhaps the simplest method of purifying 
sewage, and undoubtedly the cheapest and the best where 
local circumstances permit of its being carried out, is by 
means of land treatment, by which I mean irrigation and 
a certain amount of intermittent filtration. Unfortunately, 
however, it is not everywhere that a suitable soil is to be 
found, and if it can be found the price may be prohibitive, 
or no soil can be had at any price, a condition which is found 
in very narrow valleys. Nevertheless, the first inquiry to 
be undertaken with reference to the means of purifying the 
sewage of any district is to ascertain the nature of the soil 
and subsoil of the locality. For this purpose the author has 
found a short boring tool most useful. By means of a rod 
about four or five feet in length and half to three-quarters of 
an inch in diameter, made like a cheese-taster, pieces of core 
within three or four feet of the surface may be obtained. 
The geological maps are also extremely useful, but their 
accuracy must not be taken for granted. The best soil for 
the purpose of purifying sewage by irrigation is an open 
sandy soil, such as is met with in the Bunter sandstone, or 
the sandy gravels deposited in many valleys. 

The older authorities complicated the question as to what 
is the best soil for purifying sewage by trying at the same 
time to grow a remunerative crop, but it is now more gene- 
rally recognized that purification must be considered first and 
profit afterwards. There can be no doubt that the answer 
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given by the great bulk of the older authorities to this par- 
ticular question was the correct one — ^namely, a sandy or 
loamy soil, the soil not being of too open a nature. In fact, 
the soil should be of such porosity that it would absorb at 
the same rate that it would purify — that is to say, it should 
not be capable of absorbing more than 25,000 gallons per 
acre per diem^ even if the sewage has the suspended matters 
first removed by means of precipitation. 

But if the purification alone of sewage is aimed at, and 
no return from crops is looked for, a much more open soil is 
most suitable ; and if the sewage, after undergoing a rough 
form of precipitation, is only applied intermittently for a few 
hours, and the soil is given a rest for several days before any 
more is applied to it, a nruch larger quantity of sewage than 
this — indeed, as much as 100,000 gallons per diem per acre 
under special circumstances — can be purified.* 

The danger with open soils is that more sewage will be 
applied than can be oxidized. What is generally taken by 
the average sewage farm as an indication not to apply more 
sewage is the fact that the soil begins to absorb less readily. 
It cannot be too emphatically stated that lohen this point is 
reached the land is overdosed. Provided, however, that too 
much sewage is not applied to the land, and it is applied 
intermittently, the more open the soil is the better, if it is a 
good thickness and the subsoil is fine gravel and uniform in 
texture. Even blown sand on the sea-coast will thoroughly 
purify sewage, if it is applied in small quantities at a time 
and the application is stopped before the sewage reaches half- 
way to the land-drains. 

It cannot be too clearly understood that there is no 
relation between the quantity of sewage that can be got to 
pass through the soil and the quantity of sewage that can be 
purified ; for instance, a thin soil overlying a shaly open rock 
will take any amount of sewage, but will not purify more than 
a retentive clay. 

The following are some of the formations the soils of which 
are suitable for purifying sewage : alluvial drift and gravel. 
Oolitic sandstone, hunter sandstone, and the magnesian lime- 
stone when sufficiently weathered, the old red sandstone, and 
occasionally the millstone grit. 

• Cf. actual working of Stratford-on-Avon intermittent filters, p. 59. 
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The conditions under which irrigation alone should be 
adopted are where there is an open sandy loam or loamy 
gravel which can be obtained at a price not much exceeding 
£150 per acre. 

The surface of the coal measures is generally of an 
extremely stiff clay, which may be useful enough for brick- 
making and other industrial purposes, but the area of which, 
necessary for sewage purification, would have to be "so 
great as to render land treatment impracticable.'* * The 
same remark applies to a great deal of the surface of mill- 
stone grit. The shale with which the gritstone is inter- 
stratified is quite impervious, as is evidenced by its bringing 
the springs in the millstone grit to the surface. Then, with 
regard to the mountain limestone, Cambrian rocks and granites, 
the soil here is far too shallow to effect purification, often 
not being six inches in depth, while below the soil we come 
to rocks which are freqviently riddled with fissures, many of 
which lead to underground caverns, in which the sewage would 
stagnate and putrefy, or to open channels connected with the 
nearest river. 

In almost every formation beds of clay are to be found, 
and it should not sufiice to have one or two trial-holes sunk, 
but trial-holes should be dug on every side of the piece of land 
it is proposed to irrigate, and bore-holes to a depth of four 
feet should be made at intervals all over the sita 

The most unsuitable soil, and, unfortunately, one of our 
commonest, is clay land. It is said that clay lands can be 
rendered more fit for filtration by ploughing and digging in 
ashes, which convert the impervious surface and allow the 
sewage to sink through. There are in Derbyshire two farms 
upon which considerable sums of money have been spent in 
thus preparing the land, in one instance as much as £1123 
being spent in lightening 14 acres of land to a depth of two 
feet with engine ashes. It is perfectly true that this enables 
the sewage to pass through the clay, but it does not lead to 
its purification, and where the land is a stiff clay it undoubtedly 
would be better to construct sewage filters. 

Clay lands, besides being too impermeable to permit the 
sewage to pass through them, are unfortunately open to 
another objection — viz. that in dry weather they crack and 

* See Interim Eeport of Boyal Commission on Sewage Parification, 1901. 

E 
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fissure, so that the sewage passes directly through the cracks 
to the land-drains, without undergoing any purification. 
Worms also leave permanent holes in clay, which last for a 
considerable length of time, and permit the sewage to pass 
down. At a small farm at Brampton in Derbyshire the 
sewage contained a considerable amount of dye-water, and 
upon a trial-hole being sunk on the said farm, which is on a 
stiff clay, the author found innumerable worm-holes passing 
directly downwards to the effluent drains, the worm-holes 
haying their sides saturated with dye, and showing how the 
sewage passed away absolutely unpurified. 

In 1898, a Eoyal Commission was appointed to inquire 
and report on the methods of purifying sewage, and in July, 
1901, the Commissioners issued an important interim report. 
The Commissioners gave as the reason for the appointment 
of the Commission and the re-consideration of the position 
of the authorities on this question, that *' it is now contended 
that in many cases the land available is either of unsuitable 
quality, is available in quite inadequate area for effective 
filtration through the soil, or is obtainable only at a pro- 
hibitive cost, and it is suggested that sewage purification 
may, in such cases, be carried out on comparatively small 
areas artificially prepared." 

On this point the author gave evidence before the Com- 
mission with reference to the uselessness of stiff clay land, 
which was the only land available for the purification of 
sewage in many parts of Derbyshire, such as Chesterfield, 
Alfreton, Clay Cross, Heanor, Ilkeston, and at the County 
Asylum. 

As the result of these investigations, the Commissioners 
in 1901 reported — 

'* We are forced to conclude that peat and stiff clay lands 
are generally unsuitable for the purification of sewage, that 
their use for this purpose is always attended with difficulty, 
and that where the depth of top soil is very small, say, six 
inches or less, the area of such lands which would be required 
for efficient purification would, in certain cases, be so great 
as to render land treatment impracticable." 

Instead of attempting to lighten clay lands where this is 
the only land available, sewage filters ahould undoubtedly be 
adopted. 
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The researches of Warington, Schloesing, and Muntz, and 
of the Massachusetts State Board of Health, have shown that 
the number of nitrifying organisms in soils of sewage filters 
rapidly diminishes from the surface downwards. Small quan- 
tities of soil taken at different depths from the surface at 
Eothamsted showed that in clay soils no nitrification takes 
place at a greater depth than eighteen inches ; in the most 
porous soils, however, nitrification still took place at a depth 
of four feet from the surface. When we bear in mind the 
quantity of oxygen * necessary for the growth of the nitrifying 
organisms, these researches only confirm what one would 
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Fia. 5. — Diagram showing Number of Bacteria at Various Depths of 

Intermittent Sewage Filter. 

suppose to be the case from general reasoning. It is possible, 
however, by under-draining very open soils to a great depth, 
that air may be taken down deeper and the process be carried 
on even below four feet. 

Fig. 5 shows the number of bacteria per gram of sand at 
varying depths in a sewage filter, as published in the returns 
of the State Board of Health, Massachusetts. Eeference to 
the diagram — which is taken from a communication to the 
Institute of Civil Engineers by C. H. Cooper, C.E. — will show 
that in the first quarter of an inch the bacteria amounted to 

* About half the weight of the nitrates produced consists of oxygen. 
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over 1,100,000, and at five inches from the surface the number 
had dropped to about 100,000, so that it will be seen that the 
great bulk of the changes effected take place in the upper 
layers of the soil. 

The change effected by a sewage filter is identical with 
that effected by the soil, and reference should now be made 
to the chapter on Nitrification. But when sewage is filtered 
through land, an attempt is generally made to utilize the 
nitrates that are formed by the nitrifying organisms for the 
growth of vegetables, grass, osiers, etc. It is only necessary 
to point out now that the vegetables do not absorb the 
nitrogen until it is first converted into nitrates, or, at any 
rate, into nitrites, by the nitrifying organisms. 

It will lead to a clearer understanding of the proper method 
of applying sewage to land, to briefly state the method which 
is usually adopted in filtering sewage. The sewage is applied 
intermittently to the sewage filter for eight to ten hours, so 
that it passes slowly and uniformly through the filter, in 
order that every particle of sewage shall be brought into 
intimate contact with the filtering medium. After eight to 
ten hours the sewage is allowed to drain out. As the filter 
drains dry, air is drawn into the filter to fill the spaces 
between the particles of the filtering medium. In this way 
the nitrifying organisms, growing upon the surface and 
attached to the particles of the filtering medium, are supplied 
with oxygen. The whole arrangement is frequently made 
automatic by allowing the sewage (of course, first clarified 
by precipitation) to accumulate in a tank, which automatically 
discharges by means of a flushing syphon on to the surface 
of the filter; formerly it was the practice to regulate by 
means of a penstock the rate of flow out from the filter. 
In this way air is drawn into the interstices of the filter, 
supplying the nitrifying organisms with oxygen, and sur- 
rounding the particles of which the filter is composed with 
alternate layers of air and sewage. 

Of course, if sewage was applied to land every half-hour 
through day and night all the year round, no crops could be 
grown ; but if the soil was open, the land would no doubt 
purify the sewage quite as well as an artificial sewage filter. 

No hard-and-fast line can be drawn between irrigation 
and intermittent filtration. The change it is desired to effect 
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ia brought about by nitrifying bacteria, and it ia the same in 
each caae, except that in irrigation crops are grown on the 
area irrigated. The sewage being applied with a view of 
manuring the crops, the surface of the soil is laid out with a 
uniform fall, so that the sewage will trickle over the surface 
in a thin layer. In intermittent filtration the surface of the 
soil ia first levelled and the whole bed flooded. Sometimes 
the land is laid out in ditches about eighteen inches wide at 
the bottom and three feet at the top, the spaces between 
the ditches being two or sometimes three feet in width, as 
shown in Fig. 6. In this case crops are grown on the ridges 
and the ditch is used exactly as a sewage filter. 

Intermittent filtration is intensified irrigation. It is, in 
fact, a compromise between irrigation and th'e adoption of 
sewage filters. It is true that crops may be grown on the 



ridges between the ditches, the sewage percolating laterally 
to their roots. On a properly laid out sewage farm there 
should be part of the land prepared for irrigation and part 
for intermittent downward filtration, and it is a good plan to 
alternate the land which ia used for these two purposes, as 
on the Berlin, Birmingham, and other large sewage farms. 

On sewage farms, advantage is not yet sufficiently taken 
of automatic appliances for intermittently distributing the 
sewage over the land. 

Irrigfation Proper The usual method of carrying out 

irrigation is for the sewage to be brought to the highest level 
of the surrounding land, generally through an underground 
pipe ; from this point it is conveyed through an open earthen- 
ware or concrete carrier along a contour, branch distributing 
carriers being given off in its course. These branch dis- 
tributing carriers may be allowed to overflow on to the 
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surface of the soil, which should be laid out for a uniform fall 
of about 1 in 100. The actual fall should depend upon the 
impermeability of the soil, with impermeable soil the fall 
being even less than this. The final distributing carriers may 
be merely furrows in the soil itself. With pervious soils far 
more distributing carriers are necessary to spread the sewage 
evenly over the land than are necessary with retentive soils. 

With regard to stiff clay lands, the best results will be 
obtained by irrigating twice over, or even oftener, as at 
Leicester, by a catch-water system (see Fig. 7). 

The arrangement of the distributing carriers must to some 
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Fig. 7. — Method op iBRiaATiNG Stiff Clay Land. 

extent depend upon the conformation of the land. If it has 
a gentle slope or is irregular, a catch-water system should be 
adopted, the distributing carriers running along the slope at 
various levels, the usual distance allowed between two carriers 
being about a chain ; but this distance must depend partly 
upon the slope and partly upon the permeability of the soil, 
with a rapid slope it being a greater distance, and less with 
a very pervious soil. When the ground is level, it must be 
prepared in broad ridges on the ridge and furrow system, the 
beds being about forty feet wide, with the feeder along the 
top of the ridge. 
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If the sewage is first clarified by precipitation, from half 
to one-third of the land otherwise necessary will be sufficient. 
The actual population the sewage of which can be purified 
upon an acre of land depends upon the nature of the soil. 
The author has under his supervision a farm consisting of 
about forty acres of stiff clay land irrigated with the sewage 
of a population of 600, the greatest care being used to apply 
the sewage intermittently ; but he has rarely met with a 
satisfactory effluent therefrom. 

The following table, prepared by Mr. J. D. Watson, the 
engineer of the Birmingham Joint Drainage Board, gives the 
volume of sewage and the population per acre draining to 
some of the most important sewage farms. 

Table showing Population, and Volume of Partially Treated Sewage 
PER Acre on Various Sewage Farms in England. 



Name of tc 


wn. 




1 Population per acre. 


Volume of sewage in 
gallons per day per acre. 


Birmingham ... 


451 


13,751 


Olieltenham ... 






165 


13,333 


Bedford 






260 


11,111 


NottiDgham ... 




... 


461 


10,769 


Burton-on-Trent 




... 


98 


10,679 


PrestoQ 






225 


10,000 


Norwich 




... 1 


358 


9,295 


Leicester 






161 


• 5,725 


Wolverhampton 




••* 1 


209 


5,555 


Oxford 






102 


3,118 


Wrexham 




... ; 


88 


2,777 


Leamington ... 






82 


2,461 


Berlin 






112 


2,687 



When land is irrigated with raw sewage the solid matters 
in suspension are arrested mechanically on the upper layers 
of the soil. If the sewage is applied for longer than three or 
four hours to the same land, the surface nearest to the dis- 
tributing carrier becomes covered with a layer of slime, which, 
when the sewage ceases to be applied to the land, dries and 
forms an impervious film. This not only kills the crops, but 
also prevents the air from entering the soil, and stops nitrifi- 
cation. Where irrigation is adopted, the system used at 
Berlin — of passing the sewage through roughing tanks to 
allow deposition of the grosser suspended matters — should be 
taken advantage of ; or the sewage should be passed through 
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a series of cage screens, such as are shown in Fig. 8, which 
arrest a much larger proportion of solids than the ordinary 
fixed screens. 

Unless the land is of a very porous and open nature it 
will be necessary to do even more than this, either by con- 
structing septic tanks to hold from one-third to half a day's 
flow to partially liquefy the solid matters, or by adopting at 
least partial precipitation, or, what will have the same effect, 
adding a precipitant to the sewage and allowing it to pass 
through large carriers, in which the suspended matter will be 
deposited, before applying it to the land. 

At Burton-on-Trent sewage farm some eight years ago 
no precipitant was used, the result being that the solids 
in suspension coated the surface of the soil, preventing the 
sewage from passing in, so that it stood about in big lagoons 
'all over the farm. These lagoons of sewage underwent de- 
composition, and damages on account of the nuisance caused 
thereby were obtained by a gentleman who experienced the 
nuisance at his house five miles away from the farm. As the 
result of this and other actions brought against the corpora- 
tion, lime has been adopted as a precipitant. No precipita- 
tion tanks have, however, been constructed, the sewage merely 
running through carriers in the ground for about one hundred 
yards. In this run, the solid matters in suspension become 
deposited, the sewage is at the end of the run perfectly 
clear, and the soil absorbs it quite readily ; but, as will be 
shown hereafter, the excessive quantity of lime inhibits the 
vital processes of the nitrifying organisms. 

The same experience was obtained at Stratford-on-Avon, 
where, after an injunction had been obtained against the cor- 
poration, a precipitant was added to the sewage. In this case, 
too, no precipitating tanks were constructed. After the use of 
a precipitant it was found that the surface of the land no 
longer became occluded, and as a consequence the sewage no 
longer lay about in sickening pools, creating a nuisance. The 
following is the method adopted of applying the sewage to the 
land at Stratford-on-Avon.* 

The population at that time was about 9000, and the 

* Since this paragraph was written for the first edition of this work, the 
corporation have had a scheme of bacterial purification prepared, consising of 
oeptic tanks, contact beds, and persolating filters. 
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volume of sewage about 270,000 gallons a day. At night it 
is stored in a tank, and pumped on to the land during ten 
hours each day. Although some 14 acres of stiff clay land is 
occasionally irrigated, practically the whole of the sewage is 
disposed of on nine acres of open sandy gravel, the whole of 
which has been levelled and is under-drained (the drains being 
six yards to twelve yards apart) ; half of it is used for irriga- 
tion (so called), and half is laid out in ridges three feet wide, 
and furrows one foot wide and nine inches deep, for inter-, 
mittent filtration. Every year the area in ridges and furrows 
is levelled, and the area irrigated is converted into ridges and 
furrows ; in this way the land gets well worked up and aerated. 
Italian rye-grass is grown upon the flat beds, and mangolds 
and cabbage on the ridges, the sewage only being applied to 
the furrows. Not a little of the success of the scheme is due 
to the intermittent manner in which the sewage is applied. 

The Stratford effluent contained only 0*056 part of albumi- 
noid ammonia per 100,000, coming well below the provisional 
standard of 0100 part which the author has suggested. That 
nitrification was actually taking place, in spite of an intense 
frost upon the occadon of the author's visit, is proved by the 
fact that the eflluent contained 1*5 parts of nitrogen per 
100,000 in the form of nitrates and nitrites. 

The level plot is divided into eight beds, each of which is 
temporarily divided into four quarters by earthen ridges. 
The sewage is applied to each quarter intermittently for twenty 
hours, vide seq. ; the bed then has a rest for about six weeks, no 
sewage being applied. 

The following is given as the actual time that the sewage 
was applied to a particular quarter of the bed : — 

Urs. Mine. Hrs. Mine. 



Sunday 8.40 to 9.50 a.m. 



„ 11.30 „ 


12.0 „ 


Monday 8.20 to 


9.30 a.m. 


„ 12.15 „ 


1.0 p.m. 


„ 2.15 „ 


3.0 „ 


4.30 „ 


5.0 „ 


6.20 „ 


7.45 „ 



Tuesday, Wednesday, and Thursday, 
as on Monday, each 



1 


10 





30 


1 


10 





45 





45 





30 


1 


25 


4 


35 



1 40 



4 35 



13 45 



Total number of hours sewage applied ... 20 
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After this treatment, no more sewage is put on for six 
weeks. The sewage delivered through the feed-pipes is 22,680 
gallons per hour, so that in the twenty hours 453,600 gallons 
would be applied to one-eighth part of an acre in six weeks. 

By applying the sewage in this intermittent manner for a 
few hours at a time, air is drawn into the soil between the 
layers of the sewage (in fact, at Stratford-on-Avon, air could 
be seen bubbling out of the soil when some fresh sewage was 
being put on), and not only is the sewage thoroughly purified, 
but excellent crops are grown on the ridges. 

When a sewage farm is laid out, it should be laid out in 
plots of a convenient size, which should all be numbered, and 
a record should be kept in a book to show exactly what plots 
are being irrigated and the time that they are irrigated for. 
It is always advisable to have part of a farm laid out as an 
osier-bed for the reception of storm water, audit is also advis- 
able to have on the farm a specially prepared sewage filter to 
take the sewage in times of rain, and at such times as the 
application of sewage to the crops would be injurious. The 
diagram opposite (Fig. 9) illustrates the proper method of 
laying out a sewage farm. A is the detritus tank, B the 
artificial filter, C the coarse filter for storm water, D the inter- 
mittent land filters laid out in ridg^ and furrow, E the irrigation 
area, while the osier-bed skirts the river. 

With regard to the crops, Italian rye-grass is undoubtedly 
the best, as there seems to be no limit to its capacity for 
absorbing sewage ; it also grows so closely and so rapidly as 
to choke down weeds, the seeds of which are brought to the 
farm in the sewage. Unfortunately, however, rye-grass has to 
be used freshly cut ; it also should not be irrigated for at least 
ten days or a fortnight before being cut. 

Where the sewage farm is large enough for dairy cows to 
be kept, the difficulty is to a great extent met, because the 
crops can be cut and consumed on the farm by the cows. Of 
course, the cows on a sewage farm are kept under cover all 
the year round. The Corporation of Birmingham have acted 
on this principle for many years with most satisfactory results. 
The grass plots should be ploughed up about every three years, 
and they should be re-sown every spring ; as Italian rye-grass 
and Timothy grass stand the winter very badly. 

The next most useful plant for irrigation, particularly on 
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clay and retentive soils, is osiers ; and it should be borne id 
mind that the roots of osiers penetrate to a great depth, so 
that it is of no use nnder-draining a site on which osiers are 
to be planted, as the roots soon choke the land drains. 

The Local Government Board Committee on the Modes of 
Treating Town Sewage reported in 1876, that, after rye-graes, 
cow cabbage and mangolds were the only crops that would 
continuously take sewage and flourish. 

The farm which has the most suitable soil for the puri- 
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volumes, and it runs away practically unpurified into the 
drains. The following description of the Craigentinny fields, 
by Mr. W. Fairley, C.E., is taken from the Proceedings of the 
Institute of Civil Engineers : — 

" On the Central or Craigentinny drainage area there are two irrigation 
farms, both situated on the north-east outskirts of the city, viz. the Lochend 
of the Craigentinny meadows. Lochend farm has an area of forty-three acres, 
of which thirty-five acres are commanded by main carriers led from the point 
at which the main outfall sewer from the city debouches into an open stream. 
The sewage is pumped up on to tlie remaining eight acres by an under-shot 
water-wheel driven by the sewage flowing to the lower area. The Craigen- 
tinny irrigation farm extends to the foreshore of the Firth of Forth, along 
which it spreads for a distance of about 1^ miles. This farm, which has an 
area of about 236 acres, may be taken as typical of the others. The surface 
of the ground is undulating with a general slope seawards, and a large portion 
of it was formerly waste land. There is a complete system of under-drainage, 
consisting of two-inch and three-inch agricultural tile drains, laid ten yards 
apart and three feet deep. The effluent water of the surface and the under- 
drains is caught by ditches, to be again used in irrigating lower levels, or 
delivered by the outlets into the Firth of Forth. The secondary carriers 
divide the ground into plots, each about three-quarters of an acre in area. 
Four crops are usually taken ofif the ground annually, and occasionally in dry 
and favourable years five or six. The ground was originally sown with a 
mixture of natural and aquatic grasses, the latter in small quantities. The 
fifty acres under Italian grass are situated at a higher level than the main 
area of the farm, and are cropped in rotation with the arable land. All these 
«ewage farms are in the hands of private individuals, and they no doubt form 
a good investment, for after the meadows have been laid out the expenses 
entailed in the maintenance and management are very small. The grass, 
which is annually put up in lots and sold by public auction, is readily bought 
by cowkeepers and dairy-farmers. It cannot be said that these farms play an 
important part in the purification of the sewage. The great bulk of the foul 
water merely runs over the surface of the ground, and deposits a portion of 
its suspended matter; but where under-drainage has been provided, the 
affluent is fairly clear and pure. The presence of the meadows has a tendency 
to lower the value of land for building purposes in the immediate vicinity. 
Although no distinct nuisance may arise from them, their near neighbourhood 
is not free from disagreeable odours. 

" The Central or Craigentinny Drainage District comprises an area of 1455 
acres, with an estimated population of 107,000, the dry weather sewage dis- 
charge being about 800 cubic feet per minute. 

" At Portobello, a watering-place much frequented by the residents of 
Edinburgh, frequent complaints were made by the corporation of the pollution 
of the stream caused bj'^ the sewage of Edinburgh, and after litigation the 
referee recommended that an outfall sewer should be carried direct to the sea 
with a discharge of the water of Leith outfall. 

" By an agi'eement with the proprietor of the Craigentinny estate, pro- 
vision had to be made to intercept the sewage discharged on the foreshore 
from the central outlet of the city, and for this purpose a cast-iron pipe 2 feet 
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10 inches in diameter was laid across the beach joining the .3 feet 6 inches 
pipe at an angle of 45 degrees. At the main outlet the sewage is discharged 
into a strong current, the general set of which is N.E. ; any floating matter is 
therefore carried out to sea, clear of Portobello and the bathing beaches along 
the coast." 

It must be admitted, however, that what is done at 
Craigentinny is no criterion of what should be done else- 
where. And when one reads of the Craigentinny meadows, 
one must always remember that it has been found necessary, 
to prevent nuisance, to carry the effluent out to sea. 

Another instance of a barren waste becoming a fertile 
tract of land by being irrigated with sewage is found near 
Paris. The land here, again, is extremely porous and open. 
In this case, under the unanimous advice of the experts 
consulted, the Paris municipal authorities decided to dispose 
of their sewage by irrigation on a neck of land at Genne 
Villiers. Thirty years ago this land was a mere waste ; it 
is now a fertile market garden. The authorities have been 
so satisfied with the results obtained that twelve years ago 
further land was obtained at Acheres. Altogether, Paris has 
an area of nearly 4000 acres available for the purification of 
the sewage of its two and a half million inhabitants. This 
instance is also no criterion for this country, as the rainfall 
and climate are both exceptionally favourable for sewage 
farming. 

The largest sewage farm in the world is that at Berlin. 
In March, 1895, the available area for irrigation w^as 22,881 
acres, while the population draining to it is about one and 
three-quarter millions. The subsoil is sand, with patches of 
loam and argillaceous loam. The price paid for the land was 
about £40 per acre. What has made it possible for this farm 
to be carried on, on such a scale, and so well, is the fact that 
the labour is generally provided by convicts, so that the actual 
cost of labour on the farm cannot be accurately estimated. 
Everything connected with the whole of the arrangements is 
carried on in a manner that would be quite impossible in this 
country. The day starts with a parade of the sewage men. 
At six, every man is given his instructions for the day in 
writing, with a note what the punishment will be if he fails 
to carry them out. The whole farm is divided into plots of 
five or six acres in extent, surrounded by roads twenty feet 
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wide and planted with fruit trees. Each plot is further sub- 
divided into so-called " quarters," two-thirds of an acre in 
extent. The surface of the ground is most carefully levelled 
to an average slope of one in thirty-three, and upon this slope 
Timothy and Italian rye-grass are grown. The sewage is 
brought along the top of the slope, and allowed to flow uni- 
formly over it in a thin layer down the slope. The grass 
plots are ploughed every four or five years. Before the 
sewage is allowed to flow over the surface of the slope, it is 
passed through roughing tanks, or catch pits, as it has been 
found that the coating of sludge on the land prevents the 
access of air to the soil, and indeed kills the grass. 

The information given above has been extracted from 
several papers which have- been read before the Sanitary 
Institute and the Institute of Civil Engineers by Mr. 
Roechling, C.E., who also gives the following details re- 
lating to the Berlin sewage farms : — 



No. of acres of 

total area to 

million gallons 

of sewai^. 


Acres actually 

treated for each 

million gallons 

of sewage. 


Persons to each 

acre actually 

treated. 


Persons to each 
acre of farm. 


Gallons of sewage 
per acre per day. 


372 


268 


156 


112 


2687 



A large portion of the land is also laid out as intermittent 
downward filtration beds in ridge and furrow, the ridges 
being three feet wide, and the furrows or ditches eighteen 
inches deep and two feet six inches wide (see Fig. 6). The 
sewage is allowed to flow into the ditches until they are nearly 
full, but not sufficiently high to get on to the top of the 
ridges so as to soil the turnips, mangolds, and cabbages, 
which are grown upon them. The solid matter in the sewage 
falls to the bottom of the ditch or furrow, and impedes the 
soaking of the sewage through it; the sewage, therefore, 
passes laterally to the roots of the plants. The farm has 
been thoroughly drained on the parallel system in contra- 
distinction to the herring-bone principle, the average depth 
of the under-drain being three to four feet. The total quan- 
tity of sewage treated is thirty million gallons per day. 

The best method of working a sewage farm is to have 
about one-eighth of it laid out in ditches for downward 
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intermittent filtration (see Fig. 6). The site of the intermittent 
filter should be changed each year, so that the whole of the 
farm is systematically broken up. The area used for inter- 
mittent filtration should be divided into twenty-eight beds, 
four for each day of the week. Boards, with the names of 
the days upon which the particular beds are to receive the 
sewage, should be placed against them, so that any one 
visiting the farm can at once see that the manager is apply- 
ing the sewage in accordance with his instructions. The 
crops grown should be absolutely subservient to the question 
of purification. The rest of the farm being used for irri- 
gation, the requirements of the crops can, to a certain extent, 
be considered. 

It is also advisable to have an artificial filter capable, in 
an emergency, of taking the whole of the day's sewage. The 
filter may be made of crushed stone, coarse sand, or any 
material which will pass through a three-quarter inch mesh, 
all material below a quarter of an inch being rejected, and it 
should be under-drained to a depth of four feet. If such a 
sewage filter be constructed it should have a small quantity 
of sewage applied to it at least twice a week, otherwise it may 
become dry and the nitrifying organisms upon it perish. 
Such a filter wiU be of the very greatest value for use in wet 
weather, when the crops do not require the sewage, and it 
will also be useful when the crops are about to be cut. Of 
course, nothing at all should be grown upon the surface of 
the filter, not even weeds. The site of the sewage filter will, 
of course, always remain {he same, but the intermittent fil- 
tration area should, as I have said, be changed each year, 
60 that the same piece of land becomes an intermittent filter 
once every eight years. During the time it is being used for 
intermittent filtration it will store up a considerable amount 
of manure, which will be utilized while the land is being 
irrigated. 

If the sewage farm is really to do the work required of it, 
a steam plough is an almost necessary adjunct, so as to break 
up the surface and to admit the air to a depth of two feet, 
and in laying out a farm a permanent haulage station, with 
a movable system of cables, should also be devised. In 
addition, screening arrangements, such as those shown in 
Fig. 8, and a rough filter for storm water, are necessary. 

F 
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The conditions under which irrigation alone should be 
adopted are those mentioned on page 49, and where there 
is no manufacturing refuse in the sewage which will either 
cause a nuisance or be detrimental to the crops. Where the 
land is of a suitable nature, but the price is prohibitive, from 
half to one-third of the area will sufl&ce if precipitation is 
also adopted. Whether it is worth while to go to the extra 
annual expense of precipitation, depends entirely upon the 
price that is asked for the land. The following table gives 
the author's opinion as to the varying quantities of land, 
with the system which is adopted : — 

1. Irrigation after Sedimentation, 

From 1 acre to every 25 persons with stiff clay. 
To 1 „ „ 200 „ ' „ sandy gravel. 

2. Irrigation and Intermittent Filtration after Sedimentation, 

From 1 acre to every 200 pei-sons with alluvial drift. 
To 1 „ „ 400 „ „ sandy gravel. 

The one great argument that has repeatedly been used in 
favour of irrigation, is that the nitrogen of the sewage is 
utilized by the growing of crops, and that we have in sewage 
a material source of wealth, the money value of which on 
theoretical calculations was fixed by the Eivers Pollution 
Commissioners at about 2d, per ton. The suspended matter 
in 100 tons of average sewage was said to be worth 2s., while 
the matter in solution was worth 155. Hoffman and Witt, 
and Lawes and Gilbert, arrived at similar conclusions, while 
Mr. Bailey Denton put down the value at Ifrf. per ton. 

Such being the theoretical value of sewage, it was only 
natural that an attempt should be made to extract its valu- 
able constituents; but as Dr. Tidy pointed out, in a most 
learned paper read before the Society of Arts, the utilization 
of sewage must be distinguished from its purification — ttey 
are totally different questions. It is true that sewage may 
be poured in enormous quantities upon crops growing upon 
an open soil, such as blown sand, and that under these 
circumstances a certain proportion of the valuable con- 
stituents of sewage would be utilized, but the sewage must 
be poured on in such quantities that little purification will be 
effected. When the nitrogen, as nitrates and nitrites in a 
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good effluent, is estimated, it will be found that the crops 
have taken up a very small percentage of nitrogen indeed. 
Besides, it is doubtful whether all the nitrogen in the crops 
is derived from the sewage. The researches of Nobbe and 
Hiltner on leguminous plants have shown that by the aid of 
certain bacilli small tubercles are formed on the roots of the 
leguminous plants which enable them to take up nitrogen 
from the air. 

In many of the cases which have been quoted as instances 
where the total nitrogen has been greatly diminished in pass- 
ing sewage through land, and where it is assumed that the 
nitrogen has been absorbed by the crops, it will be seen that 
the chlorine has also diminished, the fact being that the 
sewage has become diluted with subsoil water. The analyses 
published by the British Association of the sewage and effluent 
from Breton's farm, Romford, the Croydon farm, and Merthyr 
Tydvil, are all open to this criticism. It also applies to Sir 
Edward Frankland's experiments on the Barking farm, as 
reported in 1871. In this case 70 per cent, of the nitrogen 
came away in the effluent ; but it is wrong to assume, as has 
been done, that the other 30 per cent, of the nitrogen was 
absorbed by the crops, for the chlorine was diminished 34 per 
cent., an amount which certainly could not be absorbed by 
vegetables, and a figure which clearly shows that the effluent 
was greatly diluted with subsoil water. 

It can be shown that there is a certain manurial value in 
the ammonia in smoke, and when urging upon manufacturers 
the necessity for using smoke-preventing appliances, this fact 
has ingeniously been adopted as an argument why black 
smoke should be allowed to continue or even be encouraged. 
The argument is quite as sound as that of the money value 
of sewage. 

When the English reports as to the money value of sewage 
went across the Atlantic, Forbes replied to them by asking, if 
a bottle of brandy were poured into a barrel of water, whether 
the mixture would be worth as much as the original brandy ; 
while Professor Storer pointed out that Philadelphia stands 
upon a bed of clay which contains a pound of gold in every 
1,224,000 pounds, from which data the money value of the 
gold in the clay within the limits of the city of Philadelphia 
is not less than 100,000,000 dollars, but no one would dream 
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of attempting to extract it. These American criticisms are 
strictly to the point. Agriculturists can get chemical fertilizers 
in a form in which they can be readily used for less money 
than the labour costs to apply the sewage in a manner in 
which it can be absorbed by the crops. 

We must not lose sight of the fact that the nitrogen in the 
sewage has to be converted into nitrates, or nitrites, before it 
is assimilable by the crops, and to do this it must be applied 
with equal volumes of air, and the cost of the labour in so 
applying it must be taken into the estimate. Liebig's fantastic 
picture of Britain as a vampire on Europe, sucking out its 
life-blood and pouring it into the sea, was conceived without 
taking into consideration the fact of the enormous quantities 
of nitrogen which annually are imported into the country in 
the form of beef, mutton, corn, apd nitrates, nor did it take 
into consideration the enormous quantities of fish brought 
from the sea to the land, and the large amounts of carbonate 
and sulphate of ammonia annually manufactured in the 
country at the various gas-works, which are now used as 
fertilizers. 

It should also be remembered that, under the influence of 
electrical discharges, nitrates can be produced, if required, 
from the nitrogen and oxygen of the air. 

When we bear these facts in mind, and also that legumi- 
nous plants have the power of absorbing nitrogen from the 
air, and that the sea requires its nitrogen to be replenished, on 
account of the fish taken from it, the fallacy of the manurial- 
value argument becomes too ridiculous to entertain for one 
moment. 



CHAPTER VI. 

PRECIPITATION, PRECIPITANTS, AND TANKS. 

Limitations of the process — In practice solid matters only removed — Soluble 
matter removed by excess of precipitants — Comparative costs of pre- 
cipitants — Lime, alum, copperas — Various patent precipitants — ^Precipita- 
tion without tanks — Brewery sewage — Effects of excessive doses of lime 
— Absolute rest tanks — Continuous-flow tanks — Dortmund tank of Kine 
bUhler — The Candy tank — Sludge, and methods of dealing with it. 

By precipitation is meant the deposition of the insoluble matter 
in suspension in sewage, together with a certain proportion 
of the organic matter in solution, by the addition of some 
chemical which forms insoluble compounds with it, and at 
the same time deodorizes the sewage. For a considerable 
time it was claimed by one school of experts that by precipi- 
tation sewage could be sufficiently purified to be discharged 
into any river, while a rival school advocated the claims of 
land alone. To-day the limitations of each are recognized, 
and it is generally admitted that by precipitation practically 
only the solid matter in suspension is removed. 

The chemicals which have been used for this purpose are 
almost innumerable; but only three need seriously be con- 
sidered, viz. alum, copperas, and lime, or some combination 
of these. Most of the precipitants sold under fanciful trade 
names are composed of these substances in varying propor- 
tions. The general plan of the process of precipitation is for 
the chemical to be added to the sewage ; the mixed chemical 
and sewage being then well mixed up by means of water- 
wheels or baffling plates. The mixture is afterwards made to 
flow into a large precipitation tank, where it is either allowed 
to rest for a few hours, or is passed continuously through the 
tank at such a slow rate of velocity that the suspended matters 
fall to the bottom of the tank, where they form a dark sludge, 
containing about 95 per cent, of water, the clarified effluent 
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overflowing from the tank. Details of different forms of 
precipitation tanks are given on subsequent pages. 

The use of lime as a precipitant has been much prejudiced 
by the reports which have been published on the so-called 
** lime process '* as it was carried out years ago, the effluent 
from the precipitating tank merely being passed into the river 
without any irrigation or filtration. It should be at once clearly 
stated that the effluent obtained by any process of precipitation 
is not fit to be turned into a stream without subsequent bio- 
logical filtration. For practical purposes, it may be assumed 
that the precipitation process will merely remove the solid 
matters in suspension. It is true, as Mr. Dibdin has shown, 
that in the laboratory from 10 to 30 per cent., and even more, 
of the organic matter in solution can be removed ; but it is 
a safe rule to assume that i^ the working of a sewage purifi- 
cation scheme by preci^*«ation the suspended matters only 
are removed. 

The following table gives the results obtained by Dibdin 
with various precipitants upon the organic matter in 
solution in the Metropolitan sewage. The results are ex- 
pressed as a reduction per cent, in the oxidizable organic 
matter : — 

Reduction of Soluble Organic Matter by Various Precipitants. 
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In addition to Mr. Dibdin's experiments, the Massachusetts 
State Board of Health have made careful experiments on the 
relative value of various precipitants, and the proportion of 
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organic matter in solution removable by them. The following 
table gives in a condensed form some of the most practical 
of their conclusions, the quantities of the precipitants used 
being in each case of the same value, about la. 8^. per annum 
per head of the population dealt with : — 

Crude sewage yielding ... O40 part per 100,000 of albuminoid ammonia. 
„ „ after settling 0-28 „ „ „ „ 

„ .„ „ straining Q-26 „ „ „ „ 

After precipitation with — 

Reduction 
Albuminoid am- of soluble 
monia per matter per 
100,000. cent. 

1800 lbs. of lime per million gallons ... 0-19 0-22 

1000 „ copperas and 700 lbs. of lime per 

million gallons 0' 1 7 0*29 

400 lbs. of ferric sulphate 0*15 0*32 

660 „ alum „ 0*19 0*20 

With regard to lime, what takes place when it is added 
to sewage is that carbonate of lime is immediately formed ; 
this acts as a weighting material, entangling the flocculent 
matters in suspension and carrying them down to the bottom 
of the tank with it. The lime also forms an insoluble com- 
pound with a certain amount of organic matter in solution, 
which also is carried down. 

There is no doubt that the carbonic acid in the sewage 
holds a lot of carbonate of lime in solution, and if the tank 
effluent is allowed to pass into any stream with a short run 
the carbonic acid is given off, and the carbonate of lime is 
deposited as a white insoluble substance in the river. This 
is what is sometimes called the secondary decomposition of 
lime effluents, and was one of the objections to precipitation 
with lime without further treatment. If, however, the tank 
effluent obtained from precipitation with lime is irrigated over 
a large area, the carbonate of lime is deposited in the soil, 
where it is split up by the nitric acid formed by the nitrifying 
organisms, a stable nitrate of lime being formed in its place, 
and no secondary decomposition will result. 

Another objection which there was to the use of lime as 
a precipitant, without subsequent intermittent filtration, 
arose from the danger of the sewage being overdosed, so 
that some free lime might escape into the rivers and thus 
kill the fieh. 
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Wherever lime is used the following conditions should be 
complied with : — 

1. An indicator, such as phenol-phthalein or nitrate of 
silver, shpuld be used, and the lime should only be added 
until the sewage becomes barely alkaline. 

2. The lime should be ground and added as a saturated 
lime water and milk of lime. 

8. Mechanical agitation of the sewage with lime water 
should immediately take place. 

4. The sludge should be removed if possible each day from 
the precipitating tanks. It soon putre&es and rises in large 
pieces, setting up decomposition of the supernatant sewage, 
thus undoing the good done by chemical treatment. 

Sewages for which Lime is indicated. — 1. Sewage con- 
taining salts of iron and mineral acids, such as the sewage 
from Birmingham, SheflSeld, and Wolverhampton. With this 
class of sewage, the lime has this advantage, that it neutralizes 
the acid which might otherwise hinder nitrification ; it also 
combines with the iron salts and forms hydrated oxide of iron, 
which also acts as an excellent precipitant. 

2. Sewage containing the refuse from breweries. Brewery 
waste contains a large amount of carbonic acid and yeast cells 
which produce carbonic acid. This writh the lime forms the 
insoluble carbonate previously alluded to. The sewage of 
Burton-on-Trent is precipitated with lime, as much as forty 
grains to the gallon being used. Lime is also useful in this 
case by uniting with any sulphuretted hydrogen produced 
by the reduction of the sulphates in the water used for 
brewing. 

3. Sewage containing dye wastes. In some instances it 
may be necessary to also add a small proportion of copperas. 

With all precipitation processes the sewage should be 
conveyed to the outfall wrorks without delay, so that as much 
organic matter as possible shall be retained as suspended 
matter. For the same reason, when it is necessary to pump 
the sewage for the purpose of filtration, this is best done after 
it has gone through the precipitation tanks. 

For small schemes it is practically impossible to use lime 
as a precipitant, on account of the necessity for expensive 
machinery to grind it. The commonest precipitant used 
in this country for small schemes is alum. Spence's 
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alumino-ferric blocks is a favourite method of employing it. 
These blocks are merely suspended in the sewage, and as the 
flow increases, more and more of the precipitant comes in con- 
tact with the sewage and is dissolved, precipitating the fatty 
and albuminous matters to the bottom of the tank as sludge. 
This precipitant costs from £2 10s. to £3 per ton. The 
quantity necessary to precipitate the suspended matter is from 
10 to 20 grains per gallon, and by reckoning 15^ grains * per 
gallon as equivalent to a ton per million gallons, the cost can 
easily be calculated. 

The various chemicals which have been suggested for use 
as precipitants are innumerable. Many of them are combina- 
tions of alum and iron salts and lime. The following is a list 
of some of the better-known precipitants : — 



Name of precipitant. 



Ferrozone ... 

Alamino-f erric 

A.B.C. 



. •* ... 



Amines process 



Bacillite process 



Hanson's process 



The phosphate process ... 



The electrolysis process ... 



The Hermite process 



Chief ingredients. 



Crude alum, copperas, and mag:netic oxide. 

Crude alum, with a trace of iron salts. 

Alum, blood, and clay. The alum and the clay 
are the useful ingredients. Probably as good 
results would be obtained by the alum alone. 

Lime and herring brine. This process, it is claimed, 
sterilizes the sewage. Large qaan titles of lime 
are used. Lime alone in large quantities in- 
hibits putrefaction and nitrification (see experi- 
ments, p. 75). 

A disinfectant, such as carbolic acid, is used as 
well as a precipitant. The germicide, if real, 
would also kill the nitrifying organisms. 

Black ash waste, consisting of salts of sotla and 
sulphide and sulphite of lime. The precipitant 
will have to be oxidized before nitrification can 
start, and it is probable that lime alone would 
be as efQcient. 

Phosphate of alum in hydrochloric or sulphuric 
acid. The idea was that a triple phosphate 
would be precipitated, the ammonia thus being 
trapped, as it were. The value uf the ammonia 
obtained in practice does not compensate for 
the phosphate lost. 

The sewage is electrolysed, oxygen being liber- 
ated; this partly attacks the organic matter 
and partly the iron plates at the negative pole, 
forming iron salts, which act as a precipitant. 
The iron salts can be added cheaper as copperas 
in the ordinary way. 

Electrolysed sea water, containing free chlorine, 
is added to the sewage, with the view of steri- 
lizing it. 



A ton actually contains 15,680,000 grains. 
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Precipitation witliout Tanks. — At Stratford-on-Avon and 
at Burton, the experiment is being tried of adding a precipitant 
without any precipitation tanks. As far as Stratford-on-Avon 
is concerned, the experiment was until recently successful. 
The solids in suspension are thrown down upon the surface 
of the land and are dug in. At Burton-on-Trent the same 
method is being adopted, but great care has to be taken to 
prevent the enormous quantity of sludge deposited deteriorat- 
ing the porosity of the land. The late Dr. Tidy was re- 
sponsible for the Stratford-on-Avon experiment, while the 
Burton experiment (where, as previously mentioned, forty 
grains of lime per gallon are employed) is due to Professor 
Dewar. Before the sewage was limed at Burton, the slimy 
sludge was carried all over the surface of the land, covering it 
with a sticky albuminous film. Since a precipitant has been 
used the sludge is deposited on a limited area, and the sewage 
at present passes freely through the land, but there are no 
nitrates in the effluent. "Where a precipitant is used, and 
there is not a very large area of land, tanks of some kind or 
other must be constructed. 

Effect of Excessive Quantities of Lime as a Precipitant. — 
The experience the author has had with brewery sewage is 
exceptional, and therefore no apology is necessary for giving 
details of experiments with a sewage so difficult to treat. The 
experiments described below illustrate the harmful effect of 
large doses of lime in preventing nitrification. 

It has already been mentioned that the Burton sewage is 
treated with from 40 to 50 grains of lime to the gallon. It 
was thereby thoroughly clarified before being irrigated, but 
no nitrates were contained in the effluent. Professor Dewar 
was of opinion that this was possibly due to the sewage con- 
taining some alcoholic derivative which prevented nitrification, 
and experiments were undertaken to test this theory against 
the author's opinion that it was the excessive quantity of lime 
which prevented nitrification. 

A filter, which had an area of 90 superficial yards, was 
constructed of coal between ^ inch and \ inch, and was 5 feet 
deep. The clarified sewage was distributed over its surface 
by means of perforated pipes. 

It will be seen from the table below that although the filter 
was seeded from an actively nitrifying filter, no nitrates were 
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produced in three months, even when the quantity of sewage 
filtered was reduced to 50 gallons per square yard per day, the 
sewage being applied every alternate half-hour for twelve 
hours, and the filter rested for the remaining twelve hours. 
The sewage contained 10 to 14 parts of free lime per 100,000. 
An attempt was made to neutralize this free lime by setting 
up septic action in a lateral anaerobic bed, but this attempt 
failed completely, as no organisms would grow. The excess 
of lime was then neutralized by means of copperas. Up to 
this time no growth could be obtained on gelatine or agar 
plates. The half channel conveying the sewage from the 
anaerobic bed to the filter showed no signs of any growth. 
Immediately after neutralizing the excess of lime, a slime 
formed on the material of the anaerobic bed, and the half 
channel became coated with Cladothrix dichotoma. The filter 
was again seeded with nitrifying organisms, and nitrates 
appeared in the effluent. "When the limed sewage ceased to 
be neutralized the nitrates gradually became less, and finally 
disappeared. 



EXPEKIMENTS SHOWING EFFECT OF EXCESSIVE QUANTITIES 

OF LIME. 

Limed Sewage — Results obtained with Pekcolating Filter. 
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»» 



Limed sewage practically 

sterile. 
Ditto. 
Ditto. 
Ditto. 
Filters seeded from Buxton 

filter. 
Filter resting. 
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I 



it 

00 P» 

OS' 



ce 

is 



Results expressed in parts per 100,600. 



Clarified sewage. 



Si 

^ 2 



Alkalinity. 




Remarks. 



Sewage applied every alternate lialf-hour for twelve hours daily. 



50 


5 


0-47 


Free CaO 14 


0-07 


Nil 




»> 


6 


0-48 




009 


»j 


Filter renting. 


»» 


2 


0-56 




0-10 


>» 


Tank effluent praclioally 

sterile. 
Anaerobic bed started. 
Filter resting. 


»» 


7 


0-57 


Free CaO 11 


0-07 


«< 




>» 


G 


0-40 


Free CaO 12 


004 


»» 


Xo growth on carrier from 
tanks to filter. 


j» 


6 


044 




007 


«f 




9f 


6 


0-40 


Free CaO 13 


Oil 


»» 


Filters worked alternate 
quarter-hours. 


»» 


4 


0-50 




017 


5» 


Filter resting owing to Trent 
being in flood. 


>♦ 


G 


0-42 




013 




Filters worked alternate half- 
hours. 



Commenced to neutralize Excess op Lime by Copperas. 



t 


G 


0-58 


»> 


6 


0-48 


9f 


6 




5» 


4 




25 


2 


0-84 


5» 


6 


0-34 


»» 


6 


0-25 


60 


11 


025 



ft 



6 
6 
(> 



0-25 
0-24 
0-20 



Neutral 






0-09 
0-08 

Oil 
012 

009 
007 
009 
0-07 

006 
0-04 
006 



Trace i 
„ 1 Filter seeded from Chesterfield 



Nil 



>» 

1* 
014 
0-63 

1-03 
1-32 
1-66 



and Kimberley filters. 

Effluent contained Tuhf/ex 
rivulorum. 

Ditto. 

Ditto. 

Ditto. 

Effluent from tank shows enor- 
mous growth on gelatine. 

Ditto. 

Ditto. 

Free CaO in limed sewage 14*2. 



Sevmge applied continuously for twelve hours daily. 
100 



»> 

200 

»» 

100 

50 

>» 

>» 
>» 



6 
4 



019 



CaO 11 



0-04 
005 



1-66 
1-62 



3 


0-24 


5 


0-27 


6 


0-30 


2 


0-40 


5 


0-40 


5 


0-20 


6 


0-20 


6 


0-30 


7 


0-32 i 



CaO 2 
CaO 4 

CaO 5 
CaO 2 
CaO 2-5 



004 ' 1-36 



004 

0-046 

0045 

0-04 

OOB 

0-08 

0-03 

0-04 



1-36 
0-37 
0-27 
0-18 
038 
0-77 
1-06 
1-60 



Filter resting. 

Carrier from tanks to filter 
covered with growth of 
Cladothrix dickotoma. 

Free CaO in crude sewage 10 
parts per 100,000. 



Filter resting. 
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Resr 


ilts expressed in parts per 100,000. 






0*'0 








Itered 
dper 


Number of san 
analyzed. 


Clarified sewage. 


Coal filtrate. 


Remarks. 




Gallons fi] 
• square yar 


Albuminoid 
ammonia. 


Alkalinity. 


Albuminoid 
ammonia. 


Nitrogen as 
nitrates. 








Stopped neutralizing Excess of Lime. 




100 


5 


0-32 ; 


004 


1-56 








6 


' 0-24 


Ca0 6 


004 


1-42 








6 


0-42 




004 


0-30 








6 


36 


Ca0 8 


004 


0-26 








6 


0-37 


Ca0 8 


0-04 


0-26 








6 


1 0-44 


Ca0 8 


004 


0-23 








5 


0-50 


Ca0 6 


006 


0-24 







Besides the summary of the 238 analyses given in the 
table above, the following are complete analyses of the limed 
sewage, the anaerobic bed effluent, and the coal filtrate:— 







Parts per 100,000. 






Limed sewage. 


Anaerobic bed 
eflQuent. 


Coal filtrate. 


Total solid matter 


1980 


1650 


1460 


Free ammonia 


0-92 


1-2 


0-015 


Albuminoid ammonia 


0-62 


0-38 


0045 


Nitrogen as nitrates 


Nil 


Nil 


11 


Chlorine 


110 


10-2 


10-3 


Oxygen absorbed in 4 hours at 








OV t»* ••• ••• ••• 


5-6 


3-4 


0-24 


\jo\J •«• t.* •«. ••• 


10-6 


11 


Nil 


Alkalinity estimated as CaCOj 


350 


350 


200 



A point which it is worth calling attention to is the diminu- 
tion in the alkalinity, presumably by ammonia being converted 
into nitrous and nitric acids, and alkaline carbonates being 
converted into such salts as acetates^ butyrates, etc. This is 
a point which has not yet received sufficient attention ; but 
I find that when a biological filter or contact bed is working 
properly the alkaline carbonates are always considerably 
reduced, but not so much as in the Burton sewage. This 
is probably because the Burton sewage is particularly rich 
in carbo-hydrates, easily oxidized into organic acids. This 
reduction in the ammonia and alkaline carbonates, or the 
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temporary hardness, is a nsefnl indei of the oxidation a filter 
is effecting; and as the estimation can be made in a few 
minntes, it Bhonld be syatematieally recorded at all large 
works. The experiments tabulated above conclusively show 
that excessive quantities of lime pre rent nitrification. 

For the success of precipitation processes, besides having 
the sewage fresh and as little, broken up as possible, it 
is necessary that the preeipitants should be got into very 
intimate anion with a small portion of the sewage, and that 
this should then be mixed carefully with the whole of it. 

The tanks must be adequate in size. Their actual capacity 
in any case will depend upon whether they are to be used on 
the absolute rest principle or continuously ; if for absolute 
rest for six or eight hours, the tanks must be in triplicate, 
and should hold at least a day's sewage. 

Absolute Rest Tanks. — These tanks can only be used 
without pumping where there is an available fall of six or 
eight feet for the precipitation portion of the process of puri- 
fication. As a fall of six or eight inches only is required in 
continuous tanks, and any extra fall which is available can 
be utilized to greater advantage by filtering twice over, I do 
not think that absolute rest tanks will be used to any extent 
in the future. 

Where there is such a great fall at the outfall works that 
absolute rest tanks are decided upon, the best arrangement 
is as sketched in Fig. 10 ; it will be seen that the clarified 



FiQ. 10.— CoMPLETE-BEBT PnEcipiTATios Tanks.— Sectiou OH /jtL scale. 

sewage runs out through a floating arm near the bottom of 
the tanks. 

The illustration (Fig, 10) shows the ordinary complete 
rest precipitation tanks in the various stages of the process 
of purification. The left-hand tank is being emptied by 
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means of a floating arm, the outlet of the floating arm being 
about four inches below the surface, and falling with the 
level of the sewage. The result is, that the sludge and the 
scum are both left in the tank, and only the clarified sewage 
is decanted. The flow of the sewage is commanded by a 
valve, which prevents it escaping through the floating arm. 
The sludge is let off by the sludge penstock being opened. 
In the process of filling, the sewage runs down a floating 
salmon ladder to prevent the sludge being stirred up. 

Continuous-flow Tanks. — Where there is not more fall 
than two or three feet, or such fall as is available is required 
for the filters, the precipitation must take place in a continuous- 
flow tank, and in this country, until the last few years, the 
arrangements for removing the sludge have been of a most 
unsatisfactory nature. First of all, it has been necessary to 
have the tanks in duplicate, and, under certain circumstances, 
in triplicate, then it has been necessary to pump off the tank 
effluent before the sludge could be removed. 

The Conical -bottomed Dortmund Tank of Carl Kine- 
btihler. — The credit for first getting over these difficulties is 
due to Carl Kinebiihler, for although the tanks designed by 
him and adopted at Dortmund, subsequently at the Chicago 
Exhibition, and during the last three years, with slight 
modifications, at numerous places in England, have not 
proved absolutely satisfactory when only used singly, yet, 
compared with the alternative of the old-fashioned, flat- 
bottomed, continuous-flow tank, they possess advantages 
which make them immensely superior, and when constructed 
in duplicate, with arrangements for emptying them when 
necessary, they leave little or nothing to be desired. 

The drawbacks to them are said to be — 

1. The sludge does not always gravitate to the bottom of 
the cone. 

2. As the sides are not thoroughly cleaned, colonies of 
bacteria form, and are carried off in the tank effluent. 

With regard to the first objection, I have in my district 
about a dozen conical-bottomed tanks, and I can emphatically 
state, if the sludge is removed daily, this difficulty does not 
arise. On the other hand, some of the most solid sludge I 
have ever met with has come from tanks of this description,, 
and contained as much as 7 per cent, of solid matter. 
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With regard to the second objection, that, after a time, 
colonies of bacteria pass over in the tank effluent, so as to 
injure the filters, I must corroborate this ; but it is a difficulty 
which can be easily overcome by the adoption of a revolving 
scraper, of a rapid screw shape, which, by being slowly re- 
volved each day, at the time the sludge is being pumped out, 
will remove the slime from the sides of the tank, and wind it 
down to the apex of the cone. Another way of obviating this 
difficulty is to have at the outlet a series of perforated pipes 
across the tank, four inches below the water level, or to have 
the tanks in duplicate. 

But whether the conical bottom survives in the process of 
the evolution of a perfect precipitating tank or not, the appa- 
rently paradoxical continuous upward flow of the sewage, with 
a downward movement of the sludge, is an innovation which 
has come to stop. 

There is in these upward-flow tanks a neutral plane at 
the level of the point, where the velocity is so slow that the 
particles precipitated cannot be carried on. Each particle 
of the coagulum arrests another in its upward path until, 
growing as a rolling snowball does, there is across the whole 
tank a floating meshwork of flocculent matter, which acts as 
a kind of strainer. 

That this is so, I have proved by watching the process in 
a small tank constructed of glass. I have also frequently 
passed a glass tube down an upward-flow precipitating tank, 
and, on drawing it up, have found the precipitation all con- 
fined within levels twelve to eighteen inches apart. The 
appended diagram of the Dortmund tank clearly explains the 
method of working it. 

The Candy Tank. — The upward-flow principle has been 
adopted by Mr. Candy in his circular flat-bottomed tank. 
This tank permits of the sludge being removed without first 
pumping off the supernatant tank effluent ; this can be done 
by gravitation where there is a fall of about eighteen inches. 

The author has two of these tanks in his district, and has 
carefully watched them for the last six or seven years. They 
act admirably if the sludge is removed daily. The sludge, 
which, in his experience, contains about 97 per cent, of water, 
is removed by revolving a perforated sludge-pipe, which is 
pivoted at the centre of the tank floor, and by means of a 
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worm-gear sweeps all round the bottom of the tank ; tha 
outlet of the elndge-pipe Ib made to discharge eighteen inches 




Plan at D.E. 

Fio. 11. — Imphoted Dobtmund Tank. — Scale 8 feet to the inch. 

belo'w the level of the sewage in the tank, and when the 
screw-down valve is opened, the head of eighteen inches of 
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water in the tank is sufficient to force the sludge through the 
perforations and up the sludge-pipe. "When the sludge 
begins to run thin, the man in charge slowly winds the 
revolving perforated arm round, until one complete revolution 
has been made, by which time the whole of the sludge lying 
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on the bottom of the tank will have been picked up. Attached 
to the revolving perforated sludge-pipe is a rubber scraper, 
which, by the same mechanism as moves the sludge-pipe, 
scrapes the sides and bottom of the tank, thus preventing 
the growth of colonies of bacteria, which is one of the draw- 
backs to the Dortmund tank. 
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The International Sewage Purification Company have 
also applied the same principle of extracting sludge to 
rectangular tanks, the perforated arm travelling from one 
end to the other on a tramway. 

Perhaps the latest form of tank which permits of the 
sludge heing removed without first pumping off the tank 
effluent, is what may be called the " travelling squeegee " 
tank. In this, the sludge is forced down to the deep end of 
the ordinary rectangular continuous-flow precipitating tank ; 
by means of a slowly moving squeegee, which travels on rails 
laid on the bottom of the tank. When the squeegee is 
brought within about three yards of a perforated sludge-pipe, 
lying at the deepest part of the tank, the sludge outlet is 
opened, and the squeegee moved up gradually to this pipe, 
as the sludge flows out about 18 inches below the top water 
level The squeegee is then wound back to the top of the 
tank, where it stays till the sludge is removed, the next day. 

There are several other precipitating tanks, such as the 
*' Ives," a modification of the ordinary Dortmund tank, but 
not (to the author's mind) an improvement on it.* There are 
many others which the author has been compelled to inves- 
tigate but which need not be mentioned, as he has no word 
of approval for them. 

With regard to the percentage of purification effected by 
precipitation, having taken the average of some twenty pre- 
cipitation tanks in his district, the author has found that the 
purification effected by alumino-ferric on ordinary domestic 
sewage is about 60 per cent. 

With regard to the precipitant to be adopted under various 
conditions, with ordinary domestic sewage, where there is a 
large proportion of soapy slop water, nothing could act better 
than alum. Spence's alumino-ferric cakes acting on such 
sewage in a Dortmund tank gave the following results : — 

Albuminoid ammonia, 
parts per 100,000. 

Before precipitation 0*88 

J!i.lt6r jj ,.. ... ... ... ... U'OD 

For sewage containing mineral acids or brewery wastes, 
lime is the most suitable precipitant. For sewage containing 

* The same remark applies to the Cosham tank. 
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dye waste, copperas and lime, and for sewage containing 
tannin, copperas, alum, and lime will probably be required. 
The exact proportions of these various ingredients will vary 
with the particular sewage. 

To show how commonly precipitation is now adopted in 
addition to irrigation, a return made to Parliament in 1894 
showed that this process was adopted at as many as 174 
places. 

In sixty cases the return also gives the nature of the pre- 
cipitants used, and from it I have constructed the following 
table, showing the nature of the chief precipitants in use, 
and the number of places at which they were adopted : — 



Tiime. 


Alumino- 
ferrlc. 

11 


Lime and 

alumino- 

ferric. 


Ferro- 
zone. 


A.B.C. 


Alnm. 


Iron salts 
and lime. 


Lime, 
alnm, and 
copperas. 


20 


8 


9 


2 


4 


5 


1 



The following table gives an idea of the purification 
effected by precipitation and irrigation over stiff land ; — 



Town. 


Number of samples. 


Persons per acre. 

400 
735 
500 


Albuminoid ammonia, 
parts per 100,000. 


Alfreton 

Chesterfield 

Ilkeston 


15 
23 
15 


0-20 
041 
0-27 



These effluents show that precipitation and irrigation 
alone cannot be relied upon to produce a satisfactory effluent 
with stiff clay lands. 

Sluds:e. — In small schemes — that is to say, in schemes 
for populations of less than 5000, and where the outfall works 
are far removed from houses — it is sufficient to allow the 
sludge to dry in trenches about one foot deep and one yard 
wide, the trenches being covered at the bottom with ashes, 
and having a drain leading back to the precipitating tanks. 
The liquid part of the sludge drains away, and in a few 
weeks' time the sludge dries into a friable cake, which makes 
an excellent top-dressing for grass, but is not of such value 
that it can be sold. 

For larger schemes, special areas of land will have to be 
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set apart for drying the sludge upon, and then movable 
carriers will have to be provided for turning it upon the 
different parts of the land. This method of removing the 
sludge has been successfully worked at Birmingham for many 
years, and it is distinctly indicated wherever there is any 
low-lying land, the level of which it is desirable to raise, and 
there are no houses within a few hundred yards of the sludge- 
drying area. 

The sludge is also useful for embanking rivers to prevent 
storm waters from overflowing the land. 

Another method of dealing with it, very commonly in 
vogue, particularly where the works are close to habitations, 
is to press it with a filter press. This press consists of two 
folds of jute or other coarse fabric, spread between plates 
of iron, whose surfaces are grooved ; the sludge is forced 
through the jute by means of compressed air, and the water 
is blown out, leaving the solids between the two layers of 
jute as a cake of sludge about one inch in thickness and a 
couple of feet square. 

Unfortunately this method of dealing with the sludge is 
somewhat expensive, the cost of the process working out at 
about 2s. &d. per ton, and even more where lime is not used 
as a precipitant. This is irrespective of depreciation of plant 
and loss of interest on capital. For this 2s. 6d. per ton, about 
16 cwt. of water is extracted from the sludge, and it has 
this one advantage, that it can be removed in carts without 
slopping on the roads or causing any nuisance. 

Most of the English authorities on sewage disposal state 
that the sludge " from any system of sewage disposal consists 
of about ninety parts of water and ten parts of solids." The 
sludge which has been allowed to drain dry in the old-fashioned 
flat-bottomed tanks might possibly have this composition ; but 
as sludge is removed from precipitation tanks it rarely con- 
tains less than 94 per cent, of water ; indeed, one would be 
inclined to say that average sludge contains about 95 per 
cent, of water — that is to say, only half the solid matter it is 
generally supposed to contain. Sludge removed from the 
Candy tank contains about 97 per cent, of water and only 
3 per cent, of solid matter, while that from the conical- 
bottomed Dortmund tank contains from 93 to 95 per cent, of 
water, and from 5 to 7 per cent, of solids. 
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It should be understood that these percentages refer only 
to the sludge as removed from the tanks ; after it has been 
standing a little while the water would separate^ and the 
residue would undoubtedly only contain 90 per cent, of water 
and 10 per cent, of solids ; after pressing, the sludge contains 
from ^h to 60 per cent, of water, while air-dried sludge from 
Birmingham or other places contains about 12 to 15 per cent, 
of water. 

If, therefore, sewage disposal works have sufficient land — 
some 200 or 300 yards from dwelling houses — for the sludge 
to be dried upon, this method of dealing with it is cheaper 
and more satisfactory than by pressing it ; as, after pressing, 
there is still a mass of solid cake equal to one-fifth the bulk 
of the original sludge to be got rid of, and, in the author's 
opinion, it is not, as a rule, worth paying 2s. 6ci. per ton to 
get this comparatively small benefit. Where, however, for 
any special reason the sludge is offensive, it will probably be 
necessary to adopt pressing. 



CHAPTER VII. 

THE LIQUEFACTION OF SEWAGE. 

The evolution of the septic tank — ^Pioneers : Scott-Moncrieff, Cameron, 
Dibdin, and Colonel Ducat — The Exeter septic tank — Leeds and 
Manchester experiments prove tanks necessary — Necessity for detritus 
tanks—Closed and open septic tanks — Liquefaction by lateral bacteria 
beds — Conclusions. 

During the last seven years the attempts of the earlier experi- 
menters to avoid the necessity for precipitation by causing 
the suspended organic matter in sewage to become liquefied 
by the action of bacteria, have been brought to a successful 
issue. 

It was well known that an ordinary cesspool did not 
require emptying as often as it should if the solid matters 
poured into it accumulated ; and as long ago as 1881, M. 
Mouras invented a closed tank in which fsecal matter and 
kitchen refuse disappeared as gases, or were transformed into 
a homogeneous, slightly turbid fluid, this result being due to 
the fact that animal dejecta contains the ferments necessary 
to liquefy them. 

M. Mouras and his system, in this country at any rate, 
attracted little attention, and it was not until the nineties 
that Scott-Moncrieff brought forward his scheme to liquefy 
sewage by the aid of the bacteria natural to it. It was left, 
however, to Cameron, of Exeter, to be the first to successfully 
deal with the sewage of a town, by first liquefying the sewage 
and then oxidizing or nitrifying it on bacteria beds^ Cameron 
did more to rivet public attention on the new aspect of the 
sewage problem than any one else, by boldly calling his tank 
a ** Septic " tank, thereby calling attention to the fact that 
purification was effected by encouraging the growth of 
microbes rather than by killing them. There is no doubt 
that the word **" septic," in connection with the process of 
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purification, took hold of the public imagination, and extra- 
vagant ideas prevailed of the purification which was effected 
in septic tanks. 

The exaggerated popular notion was that '* the microbes 
ate each other up, and nothing but innocuous fluid remained." 

Mr. Adeney, of Dublin — to whom we owe the word ** bac- 
teriolysis '* — has suggested that the purification also of 
sewage could be effected by the action of micro-organisms by 
adding a sufficient quantity of nitrate of soda to the sewage. 

Dr. Sims Woodhead found that in 1 c.c. of Exeter crude 
sewage there were one million organisms which were ana- 
erobic, or did not grow in the presence of air, and 5J million 
organisms which were aerobic, or did live in the presence of 
air. Of the one million anaerobic, 300,000 were found to be 
liquefying organisms ; and of the 5 J million aerobic, 500,000 
were also found to be liquefying : so that the proportion of 
liquefying organisms was found to be greater among the 
anaerobic than among the aerobic. 

The credit for first applying, on a practical scale, the 
knowledge of the bacteriologists, that certain organisms had 
this power of liquefying organic matters,* belongs to Scott- 
Moncrieff, who, in 1891, liquefied the sewage from a house- 
hold of ten persons by means of a continuous upward-flow 
tank filled with coarse flints. It was five years later that 
Mr. Cameron, of Exeter, introduced his septic tank. Cameron, 
having come to the conclusion that the organisms which have 
the power of liquefying organic matters are largely anaerobic, 
or thrive best in the absence of air, conducted his sewage 
into elongated cemented watertight covered tanks, capable of 
holding \\ day's flow. The tanks are covered with concrete 
arches, carried by brick piers, and levelled over with soil ; 
they are designed to promote the growth of liquefying organ- 
isms present in the sewage, by whose action the organic 
solids are broken down into simpler substances. The flow 
through the tanks is uniform and continuous, the inlet and 
outlet being submerged so as to minimize the disturbance by 

* It is weU known that many bacteria have the power of liquefying solid 
albnminous matter; in fact, one of the ordinary methods of distingaishing 
different species of bacteria is to ascertain their action upon such substances as 
gelatine. As many as 196 varieties out of 440 well-known bacteria have this 
property of liquefying gelatine. 
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the currents of the incoming and outgoing streams, and to 
prevent the admission of air, and the velocity through the 
tank should be from ^ inch to 1 inch per minute. 

In the course of time a thick tough scum formed on the 
top of the tank, and it was found that the sludge which settled 
at the bottom of the tank underwent decomposition with the 
evolution of carbonic acid gas, marsh gas, hydrogen and 
ammoniacal compounds, the resultant mixture being an 
inflammable gas which Cameron utilized on the sewage works. 
After the sewage had passed through the septic tank Cameron 
oxidized it by means of contact beds. As we shall see, contact 
beds are filters, the outlets of which can be closed to allow the 
filters to fill with the efiluent from the septic tank, the liquid 
being left ** in contact '' with the filtering medium for an 
hour or so ; when the outlet from the filter is opened and the 
sewage allowed to escape, air is drawn into the interstices of 
the filter as the efiluent rushes out. 

Following on Cameron's Exeter experiments came the 
investigations of Colonel Ducat and Mr. Dibdin. Their ex- 
periments were very similar. Colonel Docat filtered crude 
sewage through a percolating .filter eight feet deep, the sewage 
being uniformly distributed over the surface of the filter by 
means of narrow iron girders, in the sides of which V"Shaped 
notches were filed, and through which the sewage continuously 
trickled. This filter had other special points, which will be 
described hereafter. Dibdin, on the other hand, purified 
crude sewage by directly applying it to contact beds. This 
was first done at Sutton, Surrey, and the process is often 
called the Sutton process. 

In either case, solids in suspension are arrested in the 
upper layers of the filters, where they are gradually liquefied. 

The question at once, therefore, arises. Is any form of 
septic tank necessary ? If it is necessary, do any advantages 
attach to the closed form connected with the name of 
Cameron, of Exeter ? 

Perhaps the best and most authoritative experiments on 
purifying crude sewage, both before and after screening, with 
and without septic tanks, are those conducted by the Corpo- 
rations of Leeds and Manchester. 

The Leeds experiments consisted in applying crude sewage 
to a coarse contact bed, and filtering the effluent through a 



83,600 ] 


gallons 


63,400 




58,800 




57,100 




51,100 




45,400 





90 THE PURIFICATION OF SEWAGE. 

fine bed. The coarse bed was filled with coke not less than 
8 inches in diameter, the fine bed with coke from ^^ inch to 
\\ inches in diameter. The beds were filled three times in 
the twenty-four hours. The gross capacity of the rough bed 
was 174,800 gallons, the net liquid capacity after filling with 
coke 83,300 gallons. 

The following table shows the rate at which the working 
capacity diminished when no septic tank was used : — 

October 2nd 

December 2nd 

December 16th 

December 30th 

January 13tli 

January 27th 

Colonel Harding, the chairman of the Committee, and 
Mr. Hewson, the city engineer, estimate that about 80 per 
cent, of the sludge is liquefied, 20 per cent, of the solids 
accumulating ; but this quantity they found might be reduced 
by allowing the beds to rest from two to five weeks. Where- 
ever crude sewage is applied to the contact beds or filters, 
the surface becomes clogged with fibre, bits of Qellulose, and 
with a kind of papier mdche, from paper which has disinte- 
grated in the sewage. Subsequently, the Leeds sewage was 
screened and then settled for one hour, and the filters were 
used at the rate of two fillings a day. 

Even with this modification it was found that without a 
septic tank the process could not be relied upon to purify 
more than 80 gallons per square yard per day. It is found 
that the capacity of contact beds, even when supplied with 
thoroughly clarified sewage, decreases rapidly at first but 
more slowly afterwards, and becomes constant in about three 
months, when their normal capacity can only be calculated 
at two-thirds of the original water capacity. 

In 1899, the Corporation of Manchester appointed Pro- 
fessor Percy Frankland, Professor Perkins, and Mr. Baldwin 
Latham to report upon a scheme of sewage disposal for 
Manchester. 

These experts came to the following conclusions, amongst 
others : — 

1. " That suspended matter must be removed as far as 
possible by sedimentation." 
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2. ** That any suspended matter not so removed should be 
retained as far as possible on the surface of the bed.*' 

Necessity for Detritus Tanks. — If septic tanks are used, the 
liquefaction of the sewage takes place in the tank. If tanks 
are not used, the solid matter in suspension in the sewage is 
deposited upon the surface of the filter or contact bed and in 
its interstices, where it is gradually liquefied, but not until the 
bed has lost some 40 or 50 per cent, of its working capacity. 

From the analysis of average sewage given on p. 11, it 
will be seen that some 10 grains per gallon of the solid matter 
in the sewage consists of insoluble mineral matter, the great 
bulk of which cannot be liquefied by the aid of bacteria. 
Where a precipitation process is adopted, such insoluble 
mineral matter, as road detritus, is useful in helping precipi- 
tation, but when a purely biological process is to be adopted, 
it is necessary to separate the detritus before the sewage is 
conducted to the septic tank, or is applied to contact beds 
or percolating filters; otherwise the tank will be unneces- 
sarily silted up, or the contact beds or filters permanently 
plugged. 

In every case, therefore, when a biological process is 
adopted, a detritus tank must be constructed. 

Of course it is quite impossible for the bacteria to dissolve 
the road detritus, and reference to pp. 26 and 27 shows that, 
while the mineral matter in suspension in the American sewage 
was about 5 parts per 100,000, and in the Exeter sewage 10 
parts, that in a mining district, like Alfreton — where the 
quantity of water used is less than 10 gallons per head per 
day, and there are no water-closets — the mineral matter in 
suspension is 32'5 parts per 100,000. This suspended matter 
will have to be got rid of, either by simple subsidence before 
the sewage enters the septic tank, or else be precipitated in 
an ordinary Dortmund tank. At Exeter it is proposed to 
let this mineral matter subside in three grit chambers, each 
fifteen feet square and fifteen feet deep. 

The usual system is to have two shallow tanks of such a 
size that the velocity of sewage passing through them is 
reduced to about thirty feet a minute, when the coarse mineral 
matter falls to the bottom of the tank. When about a foot 
of detritus has settled, the other tank is used and the first 
one is emptied. 
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The late Colonel Ducat introduced into this country an 
admirable detritus tank, largely used in Indian waterworks, 
a modification of which is shown in Fig. 13. This tank permits 
the detritus being scraped out while it is still in use. 

I have also introduced the centrifugal detritus tank 
shown in Fig. 14. The sewage is caused to pass through an 
ovoid tank, in which it sets up a swirling movement, the 
detritus being carried by centrifugal force on to the sloping 
sides of the tank, high and dry, where it can be easily 
removed. 

Changes effected in a Septic Tank. — After passing through 
the detritus chamber, the sewage should pass through iron 
bars, about half an inch apart, and under a scum board, to 
prevent old cloths, brushes, corks, 'and other large solids from 
passing into the tank or on to the filter. 

In the experimental tanks at Exeter, it was found that 
during the first few months there was an increase in the 
depth of the deposit in the tank at the rate of an inch per 
month ; but after this, when the sludge had accumulated to a 
certain extent, the bacteria ate it away almost as fast as it 
was formed. 

In addition to the layer of sludge at the bottom of the 
tank, a scum three or four inches in thickness also forms at 
the top, and flakes of organic matter fall from the surface 
scum to the bottom of the tank. In this way, millions of 
bacteria are constantly falling with the organic matter from 
the scum to the bottom of the tank, where decomposition takes 
place, causing the constant ascension to the top of bubbles of 
gas, which carry with them other colonies of bacteria. 

After the sewage has passed through the septic t^^nk, 
it is subsequently filtered through biological nitrifying 
filters, just as the tank effluent from a precipitating tank 
is filtered. 

At first sight it would appear that, by rendering the solid 
organic matter in suspension soluble, the amount of organic 
matter to be nitrified would be increased ; and because the 
sewage would be rendered stronger the difl&culty of the problem 
would be increased. 

At Exeter it was soon shown, however, that this is not so ; 
indeed, the total organic matter is actually reduced by the 
process which takes place in the septic tank. 
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Mr. Perkins, the public analyst of Exeter, found that the 
average effluent from the septic ttok, collected throughout the 
twenty-four hours, yielded 0*66 part of albuminoid ammonia 
per 100,000, while the raw sewage contained 1*2 part, the 
purification effected being nearly 50 per cent. 

Dr. Bideal found that the albuminoid ammonia was reduced 
from 1*4 to 0*64 part per 100,000, or a purification of 55 per 
cent. 

The author collected two samples at the same time in dry 
weather, when the crude sewage was found to contain 0*48 part 
of albuminoid ammonia per 100,000, and the septic tank 
effluent 0*25 part. 

This showed a reduction in the albuminoid ammonia of 
nearly 50 per cent., while the chlorine, being the same in 
each, showed that the raw sewage and effluent were similar, 
and that there was no admixture of other water. 

Dr. Dupre found the reduction effected in the organic 
nitrogen to be 27*7 per cent. 

The question immediately arises. What becomes of the 
organic matter in the septic tank? The answer to this is, 
that it leaves the tank in the form of various gases. 

Dr. Eideal gives the following two analyses of gases formed 
in the septic tank : — 

Per cent, per volume. 

Carbonic acid gas, COa 0*3 ... 0*6 

Marsh gas (methane), C H^ 20*3 ... 24* 4 

Hydrogen, H 18*2 ... 36-4 

Nitrogen, N 61-2 ... 38-6 



100-0 100-0 

The gas which is formed is inflammable, and can be burnt 
through a Bunsen burner ; or, in a scheme carried out on a 
large scale, it could be driven through a water-trap, so as to 
prevent any risk of explosion, and be burnt under steam 
boilers, or the heat might be utilized to keep the nitrifying 
filters warm. In addition to the gases which are driven off 
from the tank, a considerable amount of carbonic acid passes 
away dissolved in the tank effluent. 

The following table gives the analyses of the raw sewage 
and tank effluent collected by the writer at 4.45 p.m., on 
January 3, 1898. 
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Analyses op Raw Sewage and Tank Effluent 

(January 3, 1898). 
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Total 
solids. 

630 


Free 
ammonia. 

1-60 


PartB per 100,000. 








Albumi- 
noid am- 
monia. 

0-48 


Nitrites. 


Nitrogen as 

nitrates and 

nitrites. 


Chlo- 
rine. 


Sewage, 4.45 p.m. ... 


Nil 


Nil 


5-6 


Septio tank effluent, 














4.40 p.m 


656 


400 


0-25 


Trace 


013 


6-3 


Filtrate, filters 1 and 














3, three hours after 














discharge 


65-2 


0185 


009 


Nil 


200 


5-6 


Filtrate, filter 4, five 














minutes after dis- 














charge 


63-5 


0-20 


09 


• Nil 


2-00 


5-5 



It will be noticed that the tank effluent contained a small 
trace of nitrites. Dr. Bideal also found nitrates in the tank 
effluent, while Dr. Dupr6 found that the tank effluent con- 
tained from 0*05 to 0*06 part per 100,000 of nitrites as nitric 
and nitrous acid. This fact is of great importance, because the 
oxygen in the nitrites certainly did not enter the sewage in the 
tank, as it is closed as perfectly as it practically can be. It 
therefore shows that there is in the Exeter sewage a supply of 
oxygen sufficient to commence the process of nitrification, and 
to prevent the septic tank effluent becoming very foul. 

In other words, the Exeter sewage is a comparatively easy 
one to purify. I have dealt fully with the case of Exeter 
because the septic tank originated there. Nowadays, however, 
to see a septic tank at work, one would visit Birmingham, Man- 
chester, Chesterfield, or several other large towns, where old 
precipitation tanks are to-day being used as septic tanks with 
results of varying degrees of excellence. These tanks, as a rule, 
only hold a third to half the dry-weather flow, and are not 
covered. 

Liquefaction by means of Closed and Open Septic Tanks. — 
With regard to whether there is any particular advantage in 
the septic tank being closed, this point was submitted to a 
thorough test by the Manchester experts. Closed and open 
septic tanks were both constructed, and the following analyses 
are given in the Manchester report of the effluents from the 
two processes : — 
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Weekly Averages from July 12 to September 13, 1899. 

Alhumiiioid Ammoniof. 



Week ending 



99 

»» 



»» 
»> 
»» 



July 12th 
19th 
26th 
Augnst 2nd 
9th 
16th 
23rd 
80th 
September 6th 
13th 



» 



Average 



Open Beptlc tank 
eflSuent. 



Grains per gallon. 
0-25 
0-22 
0-24 
0-21 
0-23 
0-22 
019 
0-22 
0-21 
0-25 



0-22 



Closed septic tank 
efiQuent. 



Grains per gallon. 
0-30 
0-31 
0-35 
032 
0-31 
0-27 
0-30 
0-34 
0-25 
0-305 

0-301 



As a result of these Manchester experiments open septic 
tanks have been tried in many places, and, provided that 
care is taken to properly submerge inlets and outlets, and to 
have the tanks constructed with efiScient scum boards, the 
solids in the sewage are liquefied as thoroughly as in a closed 
tank. At Chesterfield, for instance, open septic tanks have 
now been in use for five years ; a crude sewage, the albu- 
minoid ammonia in which varies from 1*2 to 18, is thoroughly 
liquefied, and the albuminoid ammonia reduced to from 0*5 
to I'O — a general purification of nearly 50 per cent. 

Similar results have been obtained at Kimberley, on the 
borders of Derbyshire, and many other places in that county. 

I have mentioned these two places because in each there 
is a difficult sewage to treat, the Chesterfield sewage con- 
taining tan liquor and brewery waste, and the quantity of 
water used per head per day being very small for a town of 
its size ; while at Kimberley the proportion of brewery waste 
is very high indeed. 

Where the tanks have to be constructed in close proximity 
to houses, there may be special reasons for having them closed. 

A septic tank is generally constructed to hold about one 
day's dry-weather flow, but the Local Government Board 
have lately asked that the tank capacity should be 1 J day's 
dry-weather flow. The bottom of the tank should be made 
to slope to two conical depressions, one near the inlet and 
the other near the outlet, so as to permit of any undue accu- 
mulation of sludge being removed, as experience has proved 
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that only about 75 to 80 per cent, of the solids are digested, 
and the deposit accumulates at the two ends of the tank. 

As experience has proved that sludge does accumulate, 
the tanks should be so designed as to permit of its ready 
removal.* 

When the tanks hold a day's flow, the tank effluent will 
still contain some 5 parts per 100,000 of suspended matter, 
depending upon the amount of suspended matter in the raw 
sewage, the proportion left being about 20 per cent, of the 
suspended solids in the sewage ; but when the tanks only 
hold half a day's flow, the suspended matter in the effluent 
will be more like 40 per cent, of that in the crude sewage. 

Personally, I am in favour of liquefaction being started 
in a septic tank, the process being finished by means of a 
lateral bacteria bed, which is always kept full of sewage, 
or by the lateral contact system shown in Fig. 15. 

Liquefaction by means of Bacteria Beds or Cultivation 
Tanks. — In addition to sewage being capable of liquefaction 
in closed and open septic tanks, it may be liquefied in the 
manner originally advocated by Scott-Moncrieff, namely, by 
upward filtration through tanks filled with coke breeze, 
clinker, or other hard material. In the old days, before 
the science of bacteriology existed, upward filtration was 
a system of sewage purification which had its advocates. 
Unfortunately, however, they endeavoured to oxidize the 
sewage by upward filtration, and, needless to say, in this 
they signally failed. As a liquefying arrangement, however, 
an anaerobic bed acts well, and has its place in the scheme of 
biological purification. 

The original form of this bed is one in which upward 
filtration takes place, but a simpler arrangement consists in 
lateral filtration through a tank filled with hard material of 
one inch to three inches in size. If the subsoil is clay, to 
construct a tank on this principle, it is sufficient merely to 
dig a hole in the ground, and allow the sewage which has 
passed through a detritus tank and some form of septic tank, 
to percolate laterally through the bed. By placing about six 
to nine inches of coarse clinker above the water-level of the 
bed, and covering with a little soil, good crops of rye-grass 

* Mr. Watson, of BirmiDgham, is adopting a conical-bottomed upward-flow 
tank similar to the Dortmund tank. 

H 
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can be grown. Beds constructed on this principle have been 
tried on a large scale by Dr. Eichards, at Chesterfield, with 
the result that the albuminoid ammonia was reduced on the 
average from 072 to 0-38 parts per 100,000, and on the 
Burton farm the albuminoid ammonia from about 0*5 to 0*25 
per 100,000. 

The following table shows the results obtained by this 
method at Chesterfield: — 



Experiments on Lateral Filtration through Bacteria Beds 

AT Chesterfield. 

Alhuminoid ammonia, parts per 100,000. 





Septic tank effluent. 


Effluent from lateral 
bacteria bed. 




0-52 


0-26 




0-60 


0-86 




0-60 


0-36 




100 


0-48 




0-52 


0-36 




0-20 


018 




0-52 


0-32 




0-64 


0-44 




0-44 


0-32 




0-68 


0-48 




0-60 


0-28 




0-60 


0-42 




0-80 


028 




1-63 


0-80 




1-20 


0-48 


4 


100 


0-28 


Totals 


... 11-55 


610 


Average 


... 0-72 


0-38 



Kenwood and Butler, speaking on the relative merits of 
septic tanks and anaerobic bacteria beds, write, **It appears 
to us that upward filtration offers a better means of effecting 
the separation and solution of the suspended matters of 
sewage, and at the same time of reducing the pollution of the 
eflfluent, than does any system which aims at their removal 
in a hollow chamber, such as the septic tank. The particles 
of the filtering medium seem to form a large area from which 
organisms can more effectively work." 

With this view I am in cordial agreement, but if the 
sewage is first partially liquefied in a septic tank, so 
constructed that any suspended organic matter which fails to 
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liquefy, and accumulates, can be removed by a pump, or other 
means, and the partially liquefied effluent from the tank is 
further treated by lateral filtration, the process of liquefaction 
will, in my opinion, be carried out under the best and most 
lasting conditions. 

Perhaps the best plan for working a lateral bacteria 
bed is the arrangement brought out by Messrs. Adams, and 
illustrated in Figs. 15 and 16. This scheme is at work at 
Sutton, in Surrey, and combines the advantages claimed for 
lateral anaerobic beds with those of an ordinary contact bed. 
It will be seen that one contact bed syphons off into the 
second contact bed with a loss of fall of only six inches. 

Conclusions with regard to the Liquefaction Stage of 
Purification. — The conclusions I wish to emphasize with 
regard to the liquefaction of sewage by the agency of bac- 
teria, are — 

1. That efficient detritus tanks and screening chambers 
should be constructed to remove such mineral suspended 
matter as cannot be liquefied by the agency of bacteria, and 
such organic matter as can only be tardily liquefied. 

2. That some form of septic tank is necessary in order to 
prevent the filters or contact beds becoming clogged. 

8. That open septic tanks are as effective as closed ones. 

4. That bacteria beds (upward or lateral flow), filled with 
coarse hard clinker, may, with advantage, be made to take 
the place of part of the septic tank. 

5. That the septic tank should hold one day's dry- weather 
flow, except when an anaerobic bed is also employed, in which 
case half a day's dry-weather flow will suffice. 
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CHAPTER VIII. 

PRINCIPLES INVOLVED IN THE OXIDATION OF 

SEWAGE. 

Early experiments on intermittent filtration — ^Warington foreshadows modern 
filters in 1882 — Nitrification, conditions necessary for — ^Experiments of 
Massachusetts Board of Health with sand and gravel, etc., filtere — 
London County Council experiments — The evolution of the modern 
sewage filter — Contact beds and percolating filters — Experiments on the 
influence of temperature on nitrification. 

After the solid matter in sewage has been removed by 
precipitation, or has been liquefied in septic tanks or 
bacteria beds through the agency of bacteria, we still have 
the organic matter in solution to deal with. 

This organic matter in solution cannot be removed, but it 
can be oxidized into nitric and organic acids which combine 
with the lime and other bases in the sewage to form mineral 
salts. 

It is now recognized that these changes are effected by 
aerobic bacteria, and whether the final oxidation of the 
sewage takes place on a sewage farm, a contact bed, or a 
percolating filter, the cause of this change is the same. Just 
as intermittent downward filtration sprang from intensified 
irrigation, the modern biological filter is nothing more than 
intensified intermittent downward filtration. 

As long ago as 1870, in the First Eeport of the Rivers 
Pollution Commissioners, mention was made of downward 
intermittent filtration of sewage through land, and a number 
of experiments on the filtering capacity of different soils were 
carried out. As the result of laboratory experiments of Sir 
Edward Frankland, the following conclusions were arrived 
at: — 

1. That the soil should not be too open. 
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2. That it should be deeply drained to a depth of six feet. 

8. That the sewage should be dealt with intermittently. 

In the Second Eeport of the Eivers Pollution Commis- 
sioners, intermittent filtration was defined as ** concentration 
of sewage at short intervals on an area of specially chosen 
porous ground, as small as will absorb and cleanse it ; not 
excluding vegetation, but making the produce of secondary 
importance. The intermittency of application is a sine qua 
non even in suitably constituted soils." 

Frankland claimed that one acre of land laid out as an 
intermittent filtration area was sufficient for a .population of 
3000 or 4000, or for from 50,000 to 100,000 gallons of sewage 
a day, the land being divided into about twelve parts, each 
part receiving successively the whole of the sewage for about 
six hours. In practice it was found that intermittent filtra- 
tion areas could best be worked by land laid out in ridge and 
furrow, and by growing crops on the ridges. With open sandy 
soil, worked as a sewage filter without any regard to cropping, 
possibly this quantity might be purified after precipitation. 

At Merthyr Tydvil and at Kendal, this estimate was tried 
on a practical scale, but it was found that a population of 
1000 to the acre was all that could be efficiently dealt with. 

The analyses of the sewage at Merthyr Tydvil before and 
after filtration are not comparable, because a very large 
quantity of the subsoil water finds its way into the subsoil 
drains, and dilutes the effluent, apparently giving a percentage 
of purification which is quite unwarranted. 

At Kendal, some 750,000 gallons of sewage, half of which 
was subsoil water, were dealt with each day by downward 
intermittent filtration, upon 5i acres of filter, but subse- 
quently it was found necessary to acquire another llj 
acres. 

These two instances of intermittent filtration were carried 
out some twenty years ago. Since then, intermittent filtra- 
tion areas have been laid out on most sewage farms, notably 
at Nottingham and Birmingham. At the latter place, it has 
been found that, with a gravelly subsoil, the limit of the 
population that can be dealt with is about 500 to the acre, 
even after the solid matters have been removed from the 
sewage by precipitation. 

The next step in the evolution of the present biological 
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sewage filter was due to Warington, who, in 1882, communi- 
cated a paper to the Society of Arts, and pointed out that 
dilute solutions of ammonium salts or of urine would not 
undergo nitrification if they were sterilized, by boiling or by 
the addition of antiseptics, and were supplied with air which 
was filtered through cotton wool, so as to keep out the 
microbes. If, however, a small particle of fresh soil were 
added, in a little while active nitrification would set in. He 
further found that this process went on best in the dark, that 
an alkaline base, such as lime, was necessary, and a tempe- 
rature ranging from 40° to 120° Fahr. He also called atten- 
tion to the researches of MM. Schloesing and Muntz, who 
claimed that nitrification proceeded with the greatest rapidity 
at a temperature of 99° Fahr. Warington in his article wrote — 

" Though, however, porosity is by no means essential to the nitrifying 
power of a soil, it is undoubtedly a condition having a very favourable 
influence on the rapidity of the process ; a porous soil of open texture will 
present an immense surface, covered with oxidizing organisms, and generally 
well supplied with the air requisite for the discharge of their functions. ... 
A filtering medium of pure sand and limestone, treated intermittently with 
sewage, will, after a time, display considerable nitrifying powers, the surfaces 
becoming covered with oxidizing organisms derived from the sewage. . . ' . It 
will be gathered from the observations now made, that it would he possibh to 
construct a filter bed, having a greater oxidizing power than would he possessed 
by an ordinary soil and subsoil. Such a bed would be made by laying over 
a system of drain pipes a few feet of soil, obtained from the surface (first six 
inches) of a good field, the soil being selected as one porous and containing a 
considerable amount of carbonate of calcium." 

This important suggestion of constructing artificial nitri- 
fying beds or filters lay in abeyance for many years, and was 
first carried into effect for the purification of large quantities 
of sewage by the International Sewage Purification Company. 
The only difference between the filter which Warington 
suggested and that which the company constructed was that, 
instead of using sand and limestone chippings, this company 
adopted sand and a magnetic oxide of iron prepared by being 
roasted with carbon in a closed chamber, — a preparation 
which they sold under the trade name of Polarite. 

These artificial filters are worked for eight hours and then 
allowed to have a rest of sixteen hours. When the quantity 
of defoecated or clarified sewage dealt with by the filter is not 
excessive — that is to say, is not more than 250 gallons per 
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effective yard per day of eight hours, with a rest of sixteen 
hours, without any sewage going on — an effluent is, as a rule, 
produced which contains considerably less than 0*1 part of 
albuminoid ammonia per 100,000, absorbs less than one part 
of oxygen at 80° Fahr. in four hours, and contains one part 
of nitrogen as nitrates. Unfortunately, many of the filters 
constructed on these lines were dosed with 600, 700, and 
even 1000 gallons of sewage per square yard per twenty-four 
hours, and where these artificial filters have been brought 
into discredit, it is by their thus being overworked. 

Thanks to the investigations of Schloesing and Muntz, in 
France, and in this country to those of Warington and Percy 
Frankland, we now know that the nitrogenous organic 
matter in solution in the sewage can be mineralized by the 
agency of more than one micro-organism into the form of 
nitrates, similar to saltpetre or nitre. As illustrating this 
process, I may quote the following passage from a paper read 
by me in 1896 at the Glasgow Conference of the Eoyal 
Institute of Public Health : — 

'^ The changes which take place in the oxidation of nitro- 
genous organic matter into nitrates and nitrites, is analogous 
to the fermentation of alcohol into vinegar ; and the con- 
ditions which regulate the two fermentations are identical. 

" The vinegar brewer allows a solution of alcohol to drip 
slowly over birch twigs, in a current of air, at a temperature 
of 77° Fahr., for a fortnight. During this time, an organism 
known as the Mycoderma aceti, which is seeded on the 
twigs, flourishes, and in its growth takes up oxygen from the 
air and unites it with the hydrogen of the alcohol, to form 
water and acetic acid." 

The change which takes place may be represented as 
follows: — 

Alcobol Oxygen Water Vinegar 

CaHeO + 02 = H2O + C2H4O2 

By substituting an ammoniacal fluid, such as sewage, for 
his solution of alcohol, the vinegar brewer could use his 
apparatus for the production of saltpetre. 

Indeed, as the Franklands have pointed out,* " the process 
of nitrification has been carried on for ages, as a regular 

♦ "The Nitrifying Process and its Specific Ferment," by Percy and G. C. 
Frankland : Transactions of the Royal Society, 1890. 
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industry, in India, and even in some European countries ; 
especially in France, during the great blockade. For a 
number of years past, however, the principal source of nitric 
acid and its derivatives has been the enormous deposits of 
nitrate of soda occurring in South America, which deposits 
themselves are, doubtless, the product of a vast nitrification 
process in a former period of the earth's history." 

The researches of the bacteriologist proved that the oxi- 
dation of sewage is not a chemical process, but a biological 
one, and that, therefore, there is no particular virtue in the 
material of which the filter is constructed, so long as it is 
hard enough to withstand weathering action, and the particles 
are so large that capillary attraction does not prevent the 
free passage of the air into the interstices of the filter. 

Nearly 60 per cent, of the nitrates formed consists of 
oxygen, three parts of oxygen being required for the oxida- 
tion of each part of nitrogen.* Just as the nitrogenous 
organic matter is oxidized into nitrates, so the carbonaceous 
matter is oxidized into carbonic and organic acids. 

From this it will be seen that the free passage of air into 
the interstices of the filter is a necessary condition for its 
effective action, just as a current of air is necessary for the 
fermentation of alcohol in the manufacture of vinegar. 

The changes sewage undergoes are, however, more com- 
plex. First of all, albuminous matters, and such substances 
as the urea of the urine (which is the form in which the 
great bulk of the nitrogen leaves the human body), get con- 
verted into carbonate of ammonia. This change, known as 
" bacteriolysis," results from the action of the bacillm urece 
and other organisms present in the sewage, and is complete 
by the time the sewage reaches the precipitation tanks. 

The change which it is now desired to effect may be re- 
garded, then, as the oxidation by means of nitrifying bacteria 
of a solution of carbonate of ammonia into the nitrate of 
some base, generally lime, and this action is known as 
nitrification. 

This is an operation which has been carried on by the 
Chinese in the manufacture of saltpetre for thousands of years, 
and the factors necessary for its success are as follows : — 

♦ The formula for nitrate of lime is Oa(N03)2 ; it is probable in this form that 
the oxidized nitrogen leaves the filter. 
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1. A substance which will yield ammonia. 

2. The presence of calcareous matter to neutralize the 
nitric acid when formed by the nitrifying organisms. For this 
reason (except in towns with hard waters), lime should form a 
constituent of any precipitant used. 

8. A temperature of about 90° Fahr. 

4. A certain time must be allowed for the organisms to 
grow. On this account the quantity of the sewage applied 
should be about three gallons per square foot of filter per 
hour, and the filter should only be worked continuously for 
eight to ten hours a day. If the sewage is applied inter- 
mittently so that air is drawn continuously into the filter, the 
intermittent periods during which the sewage is applied may 
be spread over the twenty-four hours. 

5. The presence of air in the pores of the filter. As 
the air in the pores of the filter is consumed, it must be 
renewed again. This is either done by applying the sewage 
intermittently, or, as suggested by Mr. Lowcock, by blowing 
a small quantity of air into the lower part of the filter con- 
tinuously, or with a modern filter on which the sewage is 
intermittently applied through perforated pipes, the air may 
be continuously drawn through the filter by means of an ex- 
haust fan drawing air from the bottom of the filter through a 
special pipe or through the effluent drain. Filters on this 
principle have been recently adopted by the Belper Urban 
District Council (see Fig. 22). 

6. Proper filter material. 

The success of the process will to a great extent depend 
upon the size of the particles of the sewage filter and its 
consequent porosity, and to some extent upon the mechanical 
texture of the material being sufficiently rough to retain the 
colonies of nitrifying organisms. 

When there is a sufficient area of sandy gravel, all these 
conditions are supplied by nature, except the systematic 
renewal of the air. This can be arranged by adopting an 
automatic flushing tank, which will apply the sewage inter- 
mittently to the land, the air being drawn into its pores 
between the flushings ; where there is not sufficient fall for 
one of these contrivances to be adopted, great care must be 
exercised in frequently changing the areas irrigated. 

It will be seen that these land filters act mechanically. 
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chemically, and biologically ; the diasoWed organic matter 
does not pass out of the filter in the same condition that it 
enters it — namely, as albuminous matter — but as nitratee. 
With coarse-grained artificial filters much more sewage can 
be passed through in the twenty-four hours than could be 
passed through land, but little purification would be effected 
if more than 200 or 300 gallons per square yard were applied. 
This will be perfectly obvious when we bear in mind that, as 
has been pointed out, more than half the weight of the nitrates 
produced consists of oxygen, and that, therefore, to produce the 
nitrates, the nitrifying organisms must be freely supplied with 
oxygen by allowing the filter to empty, and thus draw the air 
into all its interstices. 

The necessity for adequately aerating filters was first 
scientifically worked out by the Massachusetts State Board 



I refubtt F/ew* 



iptaaiindstigimfg 



Section through Filter. 

Tke rate of Filtration should be Buch that the water falls in the Filter 6 to 8 inches in 1 



N.B. — With modern fllters, tbe sewage is dietribnted and controlled b; being 
supplied thfongli pipes, and the size or the pnTt[fleB of the filter ii larger. 

of Health, at their experimental station at Lawrence from 
1889 to 1893. 

The experiments of the Board were made in a series of 
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circular tanks — seventeen feet in diameter and six feet deep. 
The bottoms of the tanks were drained with ordinary horse- 
shoe land drains, and large gravel from one inch to two inches 
in size, covered over with a layer of pea gravel about one- 
eighth of an inch in size. 

The more important experimental tanks were filled as 
follows — 

Tank No. 1. 
Five feet of clean coarse sand. 

Tank No. 2. 
Five feet of fine sand. 

Tank No. 3. 
Four feet of peat covered with one foot of the original top layer of peat. 

Tank No. 4. 
Five feet of river silt, very fine sand. 

Tank No. 5. 
Five feet of garden soil. 

Tank No. 6. 
Three feet eight inches of coarse and fine sand and fine gravel. 

They also experimented with a number of other filters, 
such as three feet eight inches of coarse sand and fine gravel 
(same as No. 6), covered with ten inches of sandy loam, and 
six inches of soil ; and three feet eight inches of coarse sand 
and fine gravel (same as No. 6), covered with eight inches of 
sandy loam, and eight inches of sandy gravel. 

The area of the filters was, roughly speaking, ^^ of an 
acre, and they were used for six days in the week. 

The following are the most instructive of the results 
obtained — 

No. 1. Coarse Sand. — This filter had a total capacity of 
12,300 gallons, and, when filled with water, was found to take 
up 3240 gallons. When drained away, however, only 2200 
gallons of water could be run out, 1040 gallons remaining in 
the filter owing to capillary attraction; so that when the 
filter was drained dry it was only charged with 2200 gallons 
of air. 

By these experiments the importance of capillarity was 
first thoroughly brought home ; in the experiments with the 
fine river silt and garden soil, no nitrification occurred eveu. 
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when the quantity of sewage filtered was only about 7000 
gallons to the acre per day. When we recognize the fact 
that the whole of the nitrification depends entirely upon 
getting the air in the interstices of the filter changed, the 
importance will be appreciated' of constructing a filter of 
material of such a size that capillary attraction shall not 
prevent it from rapidly draining dry. 

In filter No. 1, Coarse Sand, about 100,000 gallons of 
sewage to the acre were filtered in 24 hours, about 86 per 
cent, of the albuminoid ammonia being removed, and 89 per 
cent, of the bacteria. 

No. 2. Fine Sand. — This filter was only able to deal with 
40,000 gallons of sewage to the acre ; but although the quantity 
of sewage that could be purified was less than half that in 
filter No. 1, it effected a higher degree of purification. The 
reduction of the albuminoid ammonia was as much as 97 per 
cent., and as many as 99*8 per cent, of the bacteria were 
removed. 

No. 3. Peat. — Without going into detail with regard to 
tank No. 8, the peat tank, it is sufficient to say that, from the 
results obtained, the Massachusetts experimenters came to 
the conclusion that this material was " entirely worthless for 
the filtration of sewage.'' 

No. 4. River Silt. — The results obtained by this filter were 
similar to those obtained by filter No. 2, the fine sand filter ; 
only, as might be expected, as the material was of finer 
texture, the quantity of sewage that could be filtered was less. 
On the other hand, the purification effected was, in some 
respects, greater. Only 80,000 gallons of sewage per acre 
could be filtered in 24 hours, and 96 per cent, of albuminoid 
ammonia was removed, or a little less than in filter No. 2. 
The smaller chemical purification effected is probably due to 
the fact that there would be a great difficulty in getting the 
oxygen into the interstices of the finer filter ; but, on the other 
hand, in this filter, as many as 99*9 per cent, of the bacteria 
in the sewage was removed. 

No. 5. Garden Soil. — It was found that the quantity of 
sewage that could be purified with the garden-soil filter was 
still less, and the reports state that with a depth of five feet 
no purification by nitrification took place. Although it was 
probable that no bacteria came through, the organic matter 
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in the effluent was, at the end of two years, nearly as great 
as in the sewage. This soil remained continually so nearly 
saturated that, when only 5000 gallons per acre were being 
filtered daily, although free to drain from every square foot of 
the bottom, sufficient air could not be taken in to produce 
nitrification. 

No. 6. Fine Gravel. — The following tables show the 
changes which were effected* by fine-gravel filters worked at 
the rate of 100,000 gallons per acre per day, the sewage being 
applied fourteen times a day for six days in the week. The 
air in the interstices of these filters was estimated at one- 
third their total capacity. 

FiNE-GBAVEL FiLTEBS,— PaRTS PER 100,000. 



1889. 



May 23 

to 
June 22. 

June 23 

to 
July 22. 

Sept. 24 

to 
Oct. 24. 



Sewage 
Effluent 



Free. 



1-9919 
00031 



Ammonia. 



Albumi- 
noid. 



0-6031 
0-0375 



Sam of. 



Chlorine. 



2-5950 
00406 



5-16 
6-00 



Nitrogen m 



Beduction in albuminoid ammonia 94 per cent 



Sewage 
Effluent 



2-2500 
00050 



0-7255 
00354 



2-9755 
00404 



7-46 
90104 



Beduction in albuminoid ammonia 95 per cent. 



Sewage 
Effluent 



20559 
00068 



0-6453 
00325 



2-7012 
0-0393 



5-55 
6-42 



Beduction in albuminoid ammonia 95 per cent. 



Nitrates. 



0-0 
2-0700 



0-0 
2-2500 



00 
0-5700 



Nitrites. 



00 
0-0002 



0-0 
00004 



00 
00003 



The number of bacteria per cubic centimetre was reduced 
in the following proportion : — 



June 23 

to 
July 22. 


In the sewage 
In the effluent 
Beduction per cent. ... 


1,813,500 

13,523 

99-3 


Sept. 24 

to 
Oct. 24. 


In the sewage 
In the effluent 
Beduction per cent. ... 


3,034,000 

11,592 

99-6 



The American experiments, however valuable, were only 
made with weak sewage, and upon a very small scale. They 
demonstrated clearly the necessity for making the supply of 
sewage intermittent ; they showed a percentage of purification 
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which had never been obtained before, and that the purifica- 
tion was effected by a biological process, and did not depend 
upon mechanical straining. 

The London County Council, however, repeated the experi- 
ments in a modified way on a much larger scale. They 
constructed one filter of coke breeze (or rather what is 
technically known as *' pan waste ") an acre in extent. They 
also tried smaller filters of the following materials : — 

1. Burnt ballast. 

2. Lowestoft shingle, pea size. 
8. Coke breeze. 

4. Sand. 

5. A filter containing a certain amount of polarite. 

The London sewage was first of all precipitated in the 
ordinary way with lime water, and the tank eCBuent thus 
obtained was filtered. The average results from the smaller 
filters are given * below : — 



Description of filter. 



Burnt ballast ... 
Pea ballast 
Coke breeze 
Sand ... ... 

Proprietary filter t 



• • • 
... 
... 
... 



Average oxygen ab- 
sorbed in lour hours. 
Grains per gallon. 


Average albuminoid 

ammonia. 
Grains per gallon. 

1 


Crude 
efBuent. 


Filtrate. 

1-072 
0-880 
0-711 
1-001 
0-721 


Crude 
effluent. 


1 
Filtrate. 1 


1-881 
1-881 
1-881 
1-725 
1-881 


0-243 
0-257 
0-262 
0-250 
0-267 


1 

0-125 
0-142 
0-103 
0-132 
0-106 



Average purifi- 
cation effected, 
as determined 
by oxygen, 
absorbed. 



Per cent. 
43-3 
52-3 
62-2 
46-6 
61-6 



In the face of these results, a larger filter, an acre in extent, 
was put down. This large filter was composed of three feet 
of coke breeze and three inches of gravel. After a number of 
preliminary experiments, the quantity of sewage filtered was 
gradually increased until as much as 1,000,000 gallons of the 
tank effluent were filtered per acre per day. As a matter of 
fact, the quantity filtered was 1^ million gallons per day for 
six days, the filter resting from ten on Saturday till six on 



♦ The results obtained by the London County Council have been published 
as separate reports ; they are also succinctly epitomized in ** The Purification of 
Sewage and Water," by W. J. Dibdin, F.I.C. 

t Polarite. 



112 THE PURIFICATION OF SEWAGE, 

Monday morning. The filter was worked under the super- 
vision of Mr. Dibdin, F.I.C., the late chemist to the London 
County Council, and the method of working it, which is 
original, was as follows : — 

The outlet from the filter was closed, and the sewage was 
allowed to run on to the filter until it became quite full, its 
surface being submerged; this generally took about two 
hours. The filter was then allowed to remain standing, 
without any more sewage going on, for just one hour, as 
Mr. Dibdin was of the opinion that the nitrifying organisms 
require a definite time in which to effect nitrification. After 
it had been standing with the sewage "in contact " with the 
filtering medium for one hour, it was allowed to drain dry. 
This part of the process took about five hours, so that the 
whole of the process of filtration took eight hours. This 
filter was the origin of the contact bed system of biological 
filtration. 

The amount of nitrification efifected as given by Dibdin is 
shown in the Table on the opposite page. 

We have seen how the modern biological filter was slowly 
evolved from the land filter; the present position of the 
problem is almost entirely dependent upon the means of 
intermittently distributing the sewage over the surface of the 
filter. 

The problem is how to admit an excess of air into the 
interstices of the filter while the sewage is passing in, at a 
rate not exceeding 200 gallons per square yard per day when 
the filter is 4 ft. deep, 300 gallons when it is 8 ft. deep, and 
400 when it is 12 ft. deep. 

The difficulty is, that if the filter is constructed of particles 
of such a size (\ inch to \ inch) that the free entrance of the 
air is not prevented by capillary attraction, the sewage will 
pass through at so great a rate that no purification will be 
eff'ected. Some special contrivance must be devised to limit 
the quantity of sewage without restricting the quantity of 
air which is supplied to the filter. It is to solve this problem 
that the ingenuity of chemists, bacteriologists, and engineers, 
has during the last five years been directed. 

The first method was to cover the filter with a layer of 
cleaned sand about six inches in depth. This had the effect 
of uniformly distributing the sewage over the surface of the 



THE OXIDATION OF SEWAGE. 



113 



Q 
'A 
P 
O 

o 

o 

O 

o 

K 
R 

o 

» 
PQ 

M 
o 

f4 

o 

H 

Eh 
•J 






OS 

o 

H 
•J 

P 

QU 





• 


f 


• 


00 


"* 





© 






^ 


l> 


rH 


05 







y* 


CO 


T*< 


05 


1^ 




2.2 




<N 


r-H 


CO 


i> 




'«S ^^ 


••4 


■ 


• 








p3) 


tM 








6 







\^ 


























a> go 

MB 


^tf 





CO 


CO 


rH 




©•3 


•5S £ 


00 


o4 


tn 


CO 






3S 


<M 


94 


Oi 


-irH 




S" 


1— 1 

• 






• 




C«3 

• 




• 





1 '** . 














® 














« 














Ml-S 
















ss 




<M 


<* 


<M 


l> 








• 


• 


• 


• 






ii 




t^ 


1— 1 





I-H 


• 






t^ 


t^ 


l> 


t^ 


c 




« ^ 














s 
a 




(S'=»' 
























■94 




• 


• 


»o 


CO 


<* 


C!| 


3 






s! 


Oi 


I—I 


i-H 





1 

S 








• 




• 




i-H 

• 




• 




S 






























< 




s 


§5 


CO 


CO 


<M 









•g 


i-H 


^ 


gs 


CO 
CO 






CJ 


HB 


• 




• 




• 




• 










« 














*** . 












■4a 




%i 












c8 




Ui'A 












OQ 




IS 
is 




CO 

• 




CO 

6i 


10 

• 


lb 


© 






t^ 


t>- 


t^ 


t^ 


.a 
















•2^ 
















1 












C.C 






• 










— as 






3 


CO 





JO 


T*< 


•ofc 




£ 


10 


CO 


CO 


00 


80° 




(X4 


00 

• 




• 




OS 






^ 




1. 






















a 




00 

03 


B a> 


CO 


00 




CO 

1— 1 


r- 1 




u 


r^^ 





CO 


I-H 


»o 







G> 


Of 


-* 


CO 


tH 


CO 




« ^ 


















o«-o 


















^^ s^ 


















VO 1^ 




9>. 


•s 


•s 


m\ 




s s 


















,2 *^ 


















,-j © 







CO 










« h 








•% 


•s 




g 








r- 1 


I-H 








^ 


• 


• 


> 








• 


• 


• 


• 








• 


• 


• 

JO 
00 


• 








• 


• 


I-H 


• 








• 


• 




• 








• 


• 




• 








• 




M 


• 








• 




08 


• 






• 


• 


<Si 


S 


• 




• 

OS 


00 




1 

a 





10 

r- 1 








Oi 


g 


05 
CO 


1— H 








0) 





fH 


•r* 








a 

S3 


\^ 


CO 


& 








»-a 


s 


r^ 


<1 













M 











-M 


CO 


a» 

•1 


-M 


' 






t^ 


"S 


00 








1— < 


3 












P4 


P 





P4 










< 


-< 


}z; 


< 






.2 
P 

« 



08 
O 

o 



3 
P^ 



114 THE PURIFICATION OF SEWAGE, 

filter, and limiting the rate at which percolation into the 
filter took place, but, by capillary action between the particles 
of sand, the surface of the filter was sealed, and the air below 
the sand was simply churned round and was not renewed as 
its oxygen was exhausted. 

The next step was to construct the filter with a number of 
short earthenware pipes passing through the sand into the 
body of the filter, and projecting some six inches above its 
surface. As the sewage passed down through the filter it 
drew the air after it. This arrangement was improved by 
Mr. Lomax, who applied the sewage intermittently by means 
of an automatic flushing tank and syphon, whereby about 
every quarter of an hour a volume of sewage is discharged 
over the surface of the filter, and is absorbed in about five 
minutes. As the sewage percolates down through the body 
of the filter, air is drawn into the interstices so that it 
becomes filled with alternate layers of air and sewage. 

All filters covered with sand, however, require a great 
deal of attention, and unless they have it, eventually their 
surface becomes clogged, and they cease to carry on the 
nitrifying action if the filter is not allowed to rest and the 
sand is cleansed. 

Following on this arrangement came the filters of Colonel 
Waring and Mr. Lowcock, of Birmingham. Both these 
engineers attempted to artificially aerate bacterial filters by 
means of blowers. They dififered however in this, that 
Colonel Waring blew his air upwards, through the filter, 
while Mr. Lowcock introduced his air at the middle of the 
filter and blew it out with the effluent at the bottom.* All 
these arrangements, however, are expensive, and necessitate 
some mechanical force for working the blower, and can only 
be justified by the filters doing a largely increased amount 
of work. 

While these methods were being tried, the problem was 
attacked in an entirely different manner, by Mr. Dibdin, in 
his " contact beds," and by Colonel Pucat, who is the author 
of the first type of biological filter with fixed iron distributors. 

With contact beds, the outlet of the filter is closed, and 
the sewage is gradually poured over its surface by means of 

* On the author's suggestion, the plan of drawing air through a filter by 
an exhaust fan is being tried at Belper. See Fig. 22. 
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rough distributing channels. The sewage passes down 
through the filter, which it gradually fills, thereby displacing 
the air in its interstices. As soon as the filter is full, it is 
allowed to rest for two hours with the sewage '* in contact " 
with the filtering medium — hence the term *' contact beds,'' 
The usual method of working contact beds is as follows : — 

1 hour filling. 

2 hours standing full. 
1 hour emptying. 

4 hours resting empt3^ 

8 hours X 3 fillings in 24 hours. 

When, however, the purification efifected is insufl&cient, 
the beds are only filled twice a day, and are allowed to have 
a longer period of rest. 

It will be seen that the volume of sewage treated is the 
same as the volume of air it displaces. 

I wish to emphasize this point, as I shall be able to prove 
that the volume of air drawn into intermittent filters, which 
are not covered with sand, may be more than five times as 
great as the volume of sewage treated. 

The Modern Percolating Filter. — The next advance was 
to distribute the sewage over the surface of filters inter- 
mittently, by means of iron troughs or perforated pipes, 
which not only permitted the right amount of sewage to be 
supplied to each square yard of the filter, but also did away 
with the layer of sand upon its surface, which prevented the 
access of air to the body of the filter. 

The first method of aerating filters was to apply the 
sewage for eight hours, and allow the filter to remain empty 
aerating for sixteen hours. 

The alternate periods of work and rest were then shortened 
by the introduction of the automatic flushing tank, the 
sewage being applied intermittently every twenty minutes. 
The cycle of work and rest was afterwards diminished to a 
few minutes by the introduction of tippers, each shortening 
of the period eflTecting an improvement. 

Then came the Chesterfield experiments, in which the 
sewage was applied for as short a period as ten seconds ; and 
finally the so-called "continuous" filters of Colonel Ducat 
and others, in which the sewage falls by single drops over 
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the surface of the filters. In these the different parts of the 
filter receive a spot about every five seconds ; the applica- 
tion, although continuous throughout the twenty-four hours, 
is essentially intermittent, as air is drawn in at the same 
time as the sewage. It is essential that these dripping dis- 
tributors should have their bearings fixed independently of 
the filter, otherwise they will sag as the filter material con- 
solidates, and parts of the filter will be overdosed. The final 
stage in the evolution of sewage distribution is, however, some 
form of moving distributor ; these are fully described in the 
next chapter. 

While an immense number and a great variety of im- 
provements have been made in the method of filtering 
sewage, contact beds have also received their share of atten- 
tion, so that there are several automatic arrangements for 
working the cycle of a contact bed without any skilled labour. 
The various arrangements and the merits of each will be 
discussed in the following chapter. 

Note on the Influence of Temperature on Nitrification.* 

As it was possible tliat theie might be some advantage in artificially heat- 
ing sewage with the object of nitrifying it, the following experiments were 
made : — A filter 3 inches in diameter, filled with actively nitrifying filtering 
medium, was surrounded with a water jacket, and gradually heated to 120° 
F., then cooled to 108°, then heated up again to 118°, then cooled a second 
time. The endeavour was made to supply the sewage at the rate of 1 oz. 
every half-hour for 8 hours by means of an intermittent sjrphon, but the actual 
quantities filtered were also measured each day, and analyses were made daily. 
The only determinations which were made were of the nitrogen as nitrates 
and the alkaHnity. The sewage which was used for the purpose of the 
experiments was Burton sewage, clarified by lime and then neutrahzed 
with CO2. 

Conclusions, — The conclusions to be drawn from these experiments are 
that — 

I. There is no obvious advantage in artificially heating sewage. 

II. That if the sewage is heated above a temperature of about 110° F. 
the action of the nitrifying organisms is inhibited. 

III. That the nitrification ceases before the production of organic acids 
by oxidation. 

IV. That the oxidation can be measured by the reduction in the ammonia 
and alkalinity calculated as CaCOg. 

The following are the results of the experiments : — 

* The first Buggestion for warming filters was made by the author from purely 
theoretical considerations. Vide Journal of State Medicine, Nov. 1896, p. 505. 
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Table Showing Effect of Heating Biological Filter. 







Alkalinity estimated as CaCOs. 




Temperature. 
Degrees Fahr. 


N as nitrates. 





- 


Quantity filtered. 






ECBaent. 


Limed sewage. 
37*5 




62 


1-5 


150 


16 oz. in 8 hours. 


62-5 


1-3 


22-5 


375 


16 oz. „ 


70 


1-8 


17-5 


37-5 


16 oz. „ 


80 


1-3 


110 


37-5 


16 oz. „ 


80 


1-75 


8-0 


375 


8 oz. „ 






Filiw resting. 




85 


30 


6-25 


55 


16 oz. in 4 hours. 


85 


2-5 


6-5 


55 


16 oz. in 8 hours. 


88 


2-0 


6-25 


55 


16 oz. „ 






Filter resting. 




90 


1-5 


15 


50 


25 oz. in 8 hours. 


»0 


20 


10 


50 


16 oz. „ 


90 


20 


10 


50 


16 oz. „ 


93 


1-5 


10 


50 


16 oz. „ 


98 


1-5 


12 


50 


18 oz. ,, 


99 


10 


12 


50 


10 oz. in 4 hours. 


' 




Filter resting. 




98-5 


10 


10 


35 


17 oz. in 8 hours. 


100 


0-8 


15 


35 


18 oz. „ 


102 


0-5 


15-5 


35 


17*5 oz. „ 


105 


0-5 


15 


35 


165 oz. „ 


115 


01 


17 


35 


20 oz. 


121 


Trace 


18 


35 


10*5 oz. in 4 hours. 






Filter resting. 




118 


Nil 


14 40 


13 oz. in 8 hours. 


118 


»* 


25 40 


10-5 oz. „ 


118 


)» 


25 40 


20 oz. „ 


117 


*) 


25 


40 


16 oz. „ 


116 


>» 


25 


40 


19 oz. „ 


116 


>» 


25 


40 
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In conclusion, it should be borne in mind that the coarse- 
grained filters which are worked intermittently effect the 
largest amount of oxidation or chemical purification. On 
the other hand, the finest grained sand filters, worked con- 
tinuously, although effecting no chemical purification, arrest 
the largest number of bacteria. 

The most perfect system of purification would consist of 
passing the sewage first of all through an intermittent filter 
of coarse coal to thoroughly oxidize the ammonia into nitrates, 
and then to filter the effluent continuously through fine sand 
or river silt to arrest the bacteria. Such a dual process is 
indicated for works above the intake of any water company. 
Whether the cost of the bacterial purification by continuous 
filtration through sand should be borne by the water company 
or the sanitary authority making the sewage, will depend in 
each case on local circumstances. 



CHAPTER IX. 

ARTIFICIAL PROCESSES OF PURIFICATION. 

Artificial processes of purification — Contact beds and percolating filters — 
Relative advantages of contact beds and percolating or continuous filters 
— Contact beds and automatic appliances for working them — ^Percolating 
filters, advantages of— Chesterfield experiments. 

The Royal Commission, in 1898, addressed itself to the 
question ** whether it is practicable to produce by artificial 
processes alone, an effluent which shall not putrefy, and so 
create a nuisance in the stream into which it is discharged.*' 
Upon this important question, the Commissioners come to a 
positive decision which had best be given in their own words. 

"After carefully considering the whole of the evidence, together with 
the results of our own work, we are satisfied that it is practicable to produce 
by artificial processes alone, either from sewage, or from certain mixtures of 
sewage and trade refuse, such, for example, as are met with at Leeds and 
Manchester, effluents which wiU not putrefy, which would be classed as good 
according to ordinary chemical standards, and which might be discharged 
into a stream without fear of creating a nuisance. 

" We think, therefore, that there are cases in which the Local Government 
Board would be justified in modifying, under proper safeguards, the present 
rule as regards the application of sewage to land." 

The following is the classification which the Commissioners 
give of the artificial processes referred to : — 

{a) Contact Beds. 

1. Closed septic tank and contact beds. 

2. Open septic tank and contact beds. 

3. Chemical treatment, subsidence tanks, and contact beds. 

4. Subsidence tanks and contact beds. 

5. Contact beds alone. 

Qy) Artificial Filters. 

1. Closed septic tank followed by continuous filtration. 

2. Open septic tank followed by continuous filtration. 
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3. Chemical treatment, subsidence tanks, and continuous 

filtration. 

4. Subsidence tanks followed by continuous filtration. 

5. Continuous filtration alone. 

Now that we hg^ve studied the general principles of the 
biological charges whereby sewage is purified ; first of all by 
the removal by precipitation or subsidence, or by the digestion, 
or liquefaction, of the solid impurities in suspension in it ; 
and secondly, by the oxidation of the organic matter in solu- 
tion, — we are in a position to appreciate the value of the 
various artificial processes of purification referred to by the 
Commissioners. 

At the present time, it is too frequently the practice of 
sanitary authorities merely to go to a patentee and adopt 
some system which has attached to it the name of a place or 
person, on the strength of the statement of those financially 
interested in the particular process. The result of this is, 
that in many cases the ratepayers have to pay for patent 
rights which are more or less worthless, and which, if the 
principles of the question had only been mastered, could 
have been easily avoided. Unless the principles involved are 
understood, not only will money be unnecessarily expended, 
but the works when constructed will fail to produce satis- 
factory effluents. 

It will be noticed that the Eoyal Commission group arti- 
ficial processes of purification in two groups : (a) contact 
beds with and without septic tanks ; and {b) artificial filters, 
or, as I prefer to call them, percolating beds with and without 
septic tanks. 

We have seen that a septic tank is always advisable, but 
whether it is used or not, the sewage has to be applied 
intermittently to both contact beds and filters. The following 
table shows the chief forms of contact beds and artificial 
filters, which may be taken as types of the rest : — 

(a) Contact Beds. — 1. Without automatic appliances, the 
beds simply being worked by hand. 

2. Actuated by ordinary syphons. 

3. Actuated by Adams' automatic controlled syphon and 
automatic feed. 

4. Actuated by Cameron's automatic alternating gear. 
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5. Actaated by Mather and PIatt*s automatic retaining 
valve. 

(6) Percolating: Beds.— 1. Filters with different methods 
of applying the sewage intermittently. 

i. Application of the sewage being regulated by hand, 
ii. Sewage being applied intermittently by means of 

automatic flushing tanks, 
iii. Sewage being applied intermittently by automatic 

tippers, 
iv. Sewage being applied intermittently by Colman's 

intermitter. 
V. Filters with intermittent feeds, regulated by clock- 
work, or other machinery, 
vi- Sewage being applied intermittently by means of 
Shone's ejectors. 
2. Filters with different forms of distributor. 

i. Filters with sewage distributed by top layer of sand, 
ii. Distributors consisting of ordinary wooden troughs, 

laid herring-bone fashion, 
iii. Distributor of half-channel stoneware pipes, 
iv. Distributors of iron girders with V-shaped notches. 
V. Distributors of fixed perforated pipes, 
vi. Distributors of oscillating perforated pipes or 

troughs as the Wilcox and Eaikes' distributor, 
vii. Automatic revolving distributors, worked on the 
principle of Barker's mill, turbines, or revolving 
floats. 
The chief varieties of these revolving distributors 
are — 

1. The Candy- Whittaker revolving pipe-sprinkler 

with mercurial seal. 

2. Adams' revolving pipe-sprinkler with double 

water seal. 

3. Mather and Piatt's revolving trough actuated 

by automatic turbine. 

4. Scott-Moncrieff's revolving trough for large 

filters. 

5. Howard's revolving paddle distributor. 

The one drawback to the use of intermittent filters as 
opposed to contact beds, is the difficulty in applying the 
sewage uniformly over the surface of large areas of filter ; 
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hence the variety of distributors which are being brought 
out to overcome this difficulty. 

It will be seen that an almost endless variety of arrange- 
ments can be made by various combinations of different types 
of filter and different distributors. Some authorities prefer 
to have a contact bed and intermittent filters, filtering the 
effluent from the contact bed through the intermittent filter. 
This combination is of advantage when the septic tank 
effluent has to be pumped, and when it is offensive. Any 
of the distributors may be used in combination with any 
particular method of applying the sewage to a filter. There 
is still a great field for ingenuity in improving the methods 
of distributing sewage, as some of the arrangements which 
have been brought out are unnecessarily expensive, and in 
practice by no means as automatic as their authors claim. 

Each arrangement has special advantages of its own, 
which must be understood in order that the full benefit of 
local circumstances may be obtained. 

In this chapter I shall endeavour to explain briefly the 
special circumstances which may be regarded as indications 
for the adoption of any of these processes, and shall try to 
point out the advantages and drawbacks of each method. 

Size of Particles of Medium for Filters. — Most important 
of all is the size of the material. After many experiments 
and some costly experience, I have come to the conclusion 
that it is imperative that the material should be absolutely free 
from dust. For filters intended to be used for sewage which 
has been thoroughly liquefied in septic tanks and is distributed 
by perforated pipes or other proper distributor, the best sizes 
are for the top layer 3 inches, to be constructed of hard 
material, such as gravel, which will pass through ^-inch' mesh 
and rest on :^-inch mesh, the rest of the filter itself being of 
material which will pass through f-inch mesh and stay on 
J -inch mesh, the perforated pipes which collect the effluent 
being surrounded with material from 1 to 2 inches in size. 
Every particle which will pass through a ^-inch mesh must 
be rejected, and the material must be washed perfectly free 
from it. If the filter is intended for sedimented sewage — 
an arrangement I do not approve of — doubtless the material 
of the filter might be larger, but Dr. Eeid*s * experiments at 

* Journal of Sanitary ImtittUe, p. 845, year 1903. 
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Hanley have proved that larger material is> if anything, more 
liable to clog. 

Size of Material for Contact Beds and Cultivation 
Tanks. — With regard to contact beds, speaking generally 
the material should be much coarser. For first contact beds 
to deal with sedimented sewage, the beds are usually made 
of material from 3 inches to 5 inches in size, the second 
contact beds being constructed of material from \ inch to \\ 
inches in diameter. When, as should in my opinion always 
be the case, a septic tank is provided, the first contact bed 
should be of material from 1^ inches to 3 inches in size, and 
the second contact bed of material between J inch to 1^ inches. 

Material for Filters. — Before considering the relative 
merits of contact and other filters, it may be useful to record 
that as far as material is concerned, the same substances 
which act efficiently as bacterial filters, speaking generally, 
serve also for contact beds. As a rule, however, the material 
for filters should have a cleaner fracture than that for contact 
beds. For instance, the best material which has yet been 
tried for intermittent filters is hard coal. This probably 
has no advantage as material for a contact bed. The reason 
for the merits of coal as a filtering medium is that it has no 
little cul'de-sacs in which stagnant sewage or air collects. 

The same material will also do for contact beds ; but the 
cleaner material, such as coal and granite, will not have any 
advantage over such material as clinkers. Obviously, local 
conditions will govern the material which is used for the 
construction of biological filters. 

If the district is provided with a refuse destructor, and 
this can with economy from the point of view of scavenging 
be placed upon the site of the sewage disposal works, the 
district will automatically obtain filtering material in the 
clinkers from the destructor. 

If the foregoing pages have been followed, the reader will see 
that the object of the filtering material is to expose a maximum 
of surface alternately to the sewage and air. A porous material 
is therefore unsuitable, as capillary attraction keeps the 
material waterlogged, and as porous materials as a rule are 
friable they are on this account also undesirable. What is 
required is a hard material, with a clean fracture, so that the 
sewage will run out readily and allow the air to take its place, 
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leaving no stagnant spaces for the sewage to remain in and 
putrefy. Therefore coke and honeycomb slag are bad types 
of material. If it could be obtained at a reasonable price 
broken glass bottles would be a perfect filtering medium. In 
practice the material which has given the best results is hard 
coal, but it must be hard and not shaley, or it will pack solidly. 
Granite chipping<s is the next best material. A hard stone that 
breaks into cubical pieces is suitable as long as it is not a 
limestone. The test for a good filtering material for filtering 
a septic tank effluent is that it should not effervesce when 
hydrochloric acid is applied to it. This test puts out of court 
most of the slags from iron works, but the vitreous slag from 
old heaps from the cold blast furnaces is frequently suitable. 

The following is a list of the best filtering materials : — 
Granite, hard coal, flints, the harder beds of millstone grit, 
many of the older rocks of the Silurian and Cambrian series, 
washed and broken gravel or pebbles from river beds or the 
seashore, broken saggers from potworks, broken brindled and 
blue brick, and hard clinker from destructors and steam 
boilers; occasionally also pit-banks which have been fired, 
produce a 'hard cinder which is quite suitable for filtering 
material, as are the vitreous portions of slag already mentioned, 
to be found on heaps left from the old cold blast furnaces. 

If, however, the filter is to be used for filtering an effluent 
from a precipitation process in which lime has been used as 
a precipitant, slag from iron works, or limestone itself may 
be suitable, as the carbonic acid which is a solvent of the 
carbonate of lime is as a rule neutralized by the lime used in 
the process of precipitation. 

Whatever the material is, it should be washed. 

Relative Merits of Contact Beds and Artificial Filters. — 
Below I have endeavoured to give succinctly in tabular form, 
the relative advantages and disadvantages of these two systems 
of carrying out the oxidizing stage of sewage purification : — 

Advantages of Contact Beds. 

Contact Beds. Continuous Filters, 

1, There is no great necessity for The sewage must be intermittently 
carefully distributing the sewage. distributed by stationary or revolving 

perforated pipes, or other means, 
which are necessarily expensive. 

2. The filter material need not To obtain the best results, material 
be so carefully graded, 1 to 2 inches must be free from dust, and not exceed 
diameter giving average results. J to 2 inch diameter. 



ARTIFICIAL PROCESSES OF PURIFICATION. 125 



Advantages of Percolatii^g Filters. 



1. Contact beds must be con- 
structed with watertight walls, which 
are necessarilj^ expensive. 

2. Double contact beds are re- 
quired to approach the same results 
as one percolating filter. 

3. The air supplied to a contact 
bed is only equal to the volume of 
sewage treated, therefore oxidation 
is limited. 

4. The sewage, owing to being 
stagnant in the contact bed has a 
greater tendency to plug it up. 

5. Double contact beds require 1 
yard for every 112 gallons. 



Percolating filters cost less, as no 
retaining walls of any kind are neces- 
sary. 

Percolating filters give better 
results. 

The air supplied to intermittent 
filters may be more than five times 
the volume of the sewage treated, 
therefore more highly oxidized efflu- 
ents are attainable. 

The filter does not deteriorate if 
properly made, the only plugging 
which takes place being on the surface. 

Continuous filters may purify over 
500 gallons per yard when there is 
ample fall. 



It will be seen that, on the whole, the advantage rests 
with percolating filters,* which not only give better effluents, 
and do not become so readily plugged, but, owing to there 
being no necessity for expensive brick retaining walls, are less 
costly. There are, however, circumstances in which contact 
beds may be preferred ; this may be the case where the sub- 
soil is so stiff a clay that the beds may be made water- 
tight without any retaining walls, and where there is little 
fall. 

« 

A brief description of the main points about the different 
ways of working contact beds is therefore desirable. 

Contact Beds. — The maximum efficient depth for contact 
beds is four feet, and in all calculations it will be assumed that 
the be'ds are of this depth. 

Where the beds are not worked automatically, it is impos- 
sible to rely upon more than two fillings in the course of 
twenty-four hours. The normal working capacity of a con- 
tact bed, supplied with sewage which has been previously 
clarified in a septic tank or bacteria bed, may be estimated 
at one-third of the total capacity, so that the volume of 
sewage which can be passed through, per square yard, at 
each filling, is one-third of the total capacity of each yard of 



* This view, which is now generally accepted, was published by the author 
in the 1901 edition of this work. 
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the contact bed, which we have assumed is four feet deep. 
This is 12 cub. feet, or 75 gallons at each filling, or 150 
gallons per square yard per day. 

When automatic apparatus is adopted, three fillings 
a day may be relied on, which will enable 225 gallons per 
square yard to pass through the contact bed. 

If, however, ''contact beds alone" are relied upon, on 
account of silting up of the first or coarse bed, only one- 
fourth of its original cubic capacity is eventually available for 
alternately filling and emptying with sewage and air. This 
gives nine cubic feet per superficial yard of filter, or 56 gallons 
at each filling in the twenty-four hours; and as the Leeds 
experiments have shown, only two fillings a day, under these 
circumstances, are effective. 

The experiments at Manchester, Leeds, London, Sutton, 
Chesterfield, Kimberley, and other places, have proved that 
to produce an effluent in which the albuminoid ammonia is 
less than 01 part per 100,000, and in which the oxygen 
absorbed from permanganate of potash, in four hours, at 80^ 
Fahr., is less than 1*0 part per 100,000, or in which the 
incubator test gives uniformly good results, it is necessary 
that the sewage should be passed through contact beds twice — 
that is to say, that the effluent from the first contact bed 
should be discharged upon the surface of a second contact 
bed. It must be submitted to the process of oxidation twice 
over, the second contact bed being constructed of material 
of smaller size than that used for the first contact bed. 
Under these circumstances, some automatic arrangement is 
almost indispensable. 

The advantages which may be claimed for automatic 
apparatus for working contact beds are — 

1. That they permit of the beds being used for three 
fillings a day instead of two. 

2. That their satisfactory working does not depend on the 
man in charge of the works. 

The automatic arrangements for working contact beds 
which are most generally adopted are : Ordinary syphons, 
Adams' automatic supply syphon and discharge valve, 
Cameron's automatic alternating gear, and Mather and 
Piatt's automatic retaining valve and alternating gear. 

The simplest plan for the automatic working of bacteria 
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beds is to insert, at the outlet of the contact bed, a syphon, 
which comes into action as soon as the bed is full. Unfortu- 
nately, for the more general adoption of this arrangement, it 
has been assumed that the nitrifying organisms require the 
sewage to remain for at least two hours in contact with the 
filtering medium, upon the surface of which the organisms 
grow. There is, however, not sufficient evidence to warrant 
this assumption. 

In the first place, it should be borne in mind that when 
the contact bed is full there is no longer any air in the 
interstices of the filter, the oxygen of which the nitri- 
fying organisms can seize hold of to carry on their vital 
process. 

It is possible, however, that prolonging the period of con- 
tact is useful in permitting the contents of the contact bed to 
become intimately mixed, thereby making the effluent more 
uniform. The analogous process of the working of percolating 
filters shows that nitrification takes place almost immediately. 
Atl actively nitrifying continuous filter, through which the 
passage of the sewage takes place in less than half an hour, 
produces a grain of nitrates per gallon in this time. It 
appears, also, from experiments quoted by Professor Frank- 
land, that while the contact bed is resting empty highly 
oxygenated compounds are formed upon the surface of the 
particles of the filter, which yield their oxygen to the sewage 
the moment it comes in contact with the particles of the 
contact bed. The following figures were quoted by Professor 
Fraiikland at the Aberdeen Congress of the Eoyal Institute 
of Public Health. It will be seen from them that as much 
purification is effected by a five minutes' contact as by half 
an hour's contact. 





Potassiam permanganate 




required for oxidation 




of sewage. 




Parts per million. 


Haw sewage 


... 5550 


Effluent, after 5 minutes' contact 


... "0*0 


„ „ half an hour's contact ... 


. .• «/t) 


12 hours' contact 


... 48-6 



The same conclusion is borne out by the following experiments I have 
made with small experimental filters, the Burton sewage, previously clarified 
by lime, being used for the experiment Effluents from contact bed filters 
taken at different periods of contact have yielded the following results : — 
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From the above experiments and others, I think it is clear that what 
happens is that during the period of rest highly oxidized compounds are 
formed, including nitrates, and the first sewage which is applied to the contact 
bed washes these nitrates down to the bottom of the bed, and by locking the 
sewage up for two hours something is done to equalize the amount of nitrate 
in the various portions of the filter's contents. This is further proved by the 
fact that by pouring distilled water over a laboratory filter, worked on the 
contact principle, more than a grain per gallon of nitrogen as nitrates has 
appeared in the effluent. 

Again, when filters have been so overworked that the amount of nitrogen 
in the form of nitrates in the effluent has gradually been reduced from one 
grain per gallon to nothing, by allowing the filter to rest for a few days, the 
nitrogen in the form of nitrates immediately mounts up to three or more 
grains per gallon, even though the sewage does not remain in contact with 
the filter at all, but merely passes through it, the whole process taking only 
a few minutes. 

The following are results illustrating this point, which have been obtained 
with the Burton sewage on experimental filters : — 

EXPERIMENTS SHOWING EFFECT OF RESTING FILTERS. 

The figures give the NITROGEN AS NITRATES in the effluents ex- 
pressed as parts per 100,000. 

ExPEKiMEST A. Experiment B. 



April 



>» 



55 



»> 



>» 



)» 



With laboratory- 
coal filter. 

6 0-5 

/ ... ...X race 

Filter resting 2 days 

10 0-2 

11 Trace 

12 Nil 

Filter resting 5 days 

lo ... ... o*o 



May 29 
30 
31 



»> 



>» 



June 1 



)» 



)} 



)> 



6 

7 
8 



Filter kept 
at 67° Fahr. 

... X* f O . . 

... X O . I 

1-0 

0'6 
Filter resting 4 days 

2-0 
... J. o .1 

... \j J . < 



Filter kept 
at 80<> Fahr. 



1-5 

1-3 

1-8 
1-3 

30 
2-5 
2-0 



That the nitrifying bacteria and the other oxidizing organisms are most 
active while the filter is in its so-called " resting " stage is also supported by 
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the observations of Mr. W. H. Harrison, B.Sc, recorded in tlie Leeds Keport, 
that the temperature of the contact beds was 1*2° higher before filling than 
after the sewage had been left in contact for one hour. The average 
temperature after the bed had been left resting was 64*5, while the tempera- 
ture after the sewage had gone through the contact process was 63*3. These 
observations show that an active process of oxidation was taking place during 
the period the bed was supposed to be resting. 

Automatic Appliances for working: Contact Beds. — I 

therefore see no reason why an ordinary simple syphon 
should not be used to regulate the discharge from a contact 
bed ; it will, however, be necessary to have the syphon placed 
in a small separate chamber, with holes at the bottom, per- 
mitting the passage of the effluent from the bed while the 
material from the filter is not disturbed. 

Adams' automatic apparatus is a most ingenious arrange- 
ment whereby the sewage rising in one contact bed com- 
presses air in a dome, cuts off the sewage from this bed, and 
applies it to another. The whole apparatus is perfectly 
automatic, and can be used for keeping the sewage in the 
contact bed for any length of time it is desired. The alter- 
nating gear devised by Mr. Cameron, of Exeter, is equally 
ingenious; the effluent from the filter rising in a chamber, 
lifts a countei*poised bucket, which in turn closes a valve, 
and diverts the sewage on to a second filter, and unlocks 
the first contact bed. 

Another arrangement is that of Messrs. Mather and Piatt. 
The outlet of the contact bed is kept closed by the weight of 
fluid in the bed pressing against the valve. When the bed 
is full the sewage overflows into a tank poised at the end of 
the long arm of a lever, and when a certain quantity has 
passed into this tank, the weight is sufficient to open the 
valve. They also have an arrangement for feeding the beds 
in regular succession. This consists of a tank in which 
there is a large float, and the filling and the emptying of 
the tank by means of a syphon causes the float to rise and 
fall; each time the float falls it turns a shaft round one- 
sixth of a revolution. The shaft is armed with six cams, 
which in turn press upon different levers opening valves 
supplying different filters or contact beds. It is obvious that 
a similar arrangement, actuated by the effluent, might be 
used for holding sewage up in contact beds. This alternating 
gear is illustrated later on in Fig. 34 (p. 175). 

K 
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Double Contact Beds necessary. — At Manchester, the re- 
sults obtained by an experiment, worked on the same lines as 
the Exeter process, yielded an effluent from a clo%ed septic tank 
which contained 0*42 part per 100,000 of albuminoid ammonia, 
and the filtrate from a contact bed which contained 0*155 part 
per 100,000 of albuminoid ammonia, by no means a good 
effluent. The sewage treated in an open septic tank yielded 
0*314 part per 100,000 of albuminoid ammonia. This was 
passed through a coarse contact bed made of material which 
passed through a f-inch screen and rested on a ^-inch screen. 
The albuminoid in the effluent from this contact bed was 0*15 
part per 100^000 of albuminoid ammonia. It, therefore, 
became necessary to pass this effluent through a second con- 
tact bed made of material which passed through a ^-inch 
screen and rested on a ^-inch screen. The result was, that 
the final effluent contained 0*064 part per 100,000 of albumi- 
noid ammonia. The names attached to the Manchester Beport 
are a sufficient guarantee of the accuracy of the experiments, 
and they may be held, as the Committee sitting on the Derby 
Extension Bill of 1901 evidently held them, as proving that 
where the process of purification consists of septic tanks and 
contact beds double contact is necessary. 

The results obtained at Leeds with sewage which was 
screened and then merely filtered through contact beds 
without the intervention of a septic tank show that an 
effluent containing 0*07 part per 100,000 of albuminoid 
ammonia can be obtained when the contact beds are only 
filled twice a day. I ought to point out, however, that the 
effluent which gave these results was settled, and that the 
suspended solids were not included in the analyses. 

At Sheffield, the settled sewage is being treated without 
the intervention of a septic tank, on. two bacteria beds, which 
are being worked by means of three fillings a day at about 
the rate of 100 gallons per square yard per day.* 

* I am indebted to Mr. Wike, C.E., the city engineer, for the following 
details given in 1901 : — 

The coarse bed is 5000 square yards and is 5 feet deep. 

The fine bed is 4500 square yards and is 5 feet deep. 

The volume of sewage by three fillings a day is about 900,000 gallons. 

[This bears out tlie suggestion made on a previous page that a quarter of the 
total capacity of a contuct bed should be taken as its working capacity when 
no septic tank is used. The cost was £5000, including £1500 for coke. — S. B.] 
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The albuminoid ammonia in the effluent is 0077 part per 
100,000, while the oxygen absorbed in three minutes before 
incubation is 002, and after incubation 0*021, the putresci- 
bility being practically nil. 

The Kimberley sewage contains a large amount of brewery 
waste, and is treated by double contact beds. The septic 
tanks are open, but the first has automatically closed with 
a hard scum which is largely composed of the corks from 
beer barrels. This scum is so thick and firm that it is possible 
to walk across it. In this casCy again, anything short of 
septic tanks and double contact would, in my opinion, fail 
to purify the sewage. The tanks in question probably, how- 
ever, do not hold more than a third of a day's flow. 

The results of my analyses of the sewage at Kimberley, 
which is a particularly strong one, may be expressed as 
follows : — 



Parts per 100,000. 



Albuminoid 
ammonia. 



Kaw sewage 

Open septic tank effluent 
Effluent from coarse bed 
Effluent from fine bed 



2-3 
06 
013 
009 



Nitrogen as 
nitrates. 



Nil 



*» 



0-4 
0-8 



.The following table gives the results I have obtained from 
the single contact beds at Exeter : — 





Parts per 100,000. 


• 


Total 
solids. 


Free Albuminoid 
ammonia. \ ammonia. 


Nitrites. 

Nil 

Trace 

Nil 


Nitrogen as 

nitrites and 

nitrates. 


Chlo- 
rine. 


Sewage 

Septic tank effluent 
Filtrate 


630 
65-6 
65-2 


1-60 048 
400 0-25 
0185 \ 009 

1 


Nil 
013 
200 


56 
6-3 

:y^ 



It will be noticed that the Exeter sewage is a particularly 
weak one, and for such sewage, single contact beds would be 
no doubt quite satisfactory. 
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At Chesterfield, contact beds and an intermittent per- 
colating filter worked by means of a Shone's ejector were 
put down side by side. They were both constructed of 
destructor breeze, which was crushed to the same size, namely, 
f inch to about \ inch. The albuminoid ammonia in the 
effluent from the percolating filter was about 0*06 to 0*07 
parts per 100,000, while that in the effluent from the contact 
beds was over 0*11. The Sewage Committee were so satisfied 
of the superiority of percolating filters that they have ceased 
to use the contact beds. 

Conclusions with regard to Contact Beds. — ^Where sewage 
is previously submitted to liquefaction in a septic tank, 
either open or closed, or a subsidence tank, in conjunction 
with a lateral or upward-flow bacteria bed, a satisfactory 
efflueM can be obtained by means of double contact beds 
worked with three fillings a day. If the plant for the pre- 
liminary treatment of the sewage is curtailed, contact beds 
can only be relied upon when worked with two fillings a 
day, and consequently the area to be provided must be 
increased. 

When, however, the sewage for any particular reason is 
exceptionally weak, and an adequate septic tank space is pro- 
vided in conjunction with a small upward-flow or lateral filter, 
single contact beds may be sufficient, if the sewage is properly 
distributed and the filter material is small. 

Percolating Filters. — The Commissioners in their Eeport 
speak of two artificial filtration processes — contact beds and 
continuous filtration. 

In this volume I have adopted the phrase '^ percolating 
filters," instead of that of " continuous filters," because 
some of the continuous filters are worked intermittently, and 
intermittent continuous filtration is a verbal contradiction. 
Doubtless the expression " continuous filtration " has been 
adopted in contra - distinction to contact beds, the outlets 
of which are closed, and which have two or three fillings a day. 
With continuous or percolating filtration the outlet of the 
filter is open all the time, the sewage being distributed over 
the surface of the filter bed through perforated pipes or some 
other arrangement; it percolates uninterruptedly through 
the filter and out at the bottom, the process taking place in 
the free presence of air. To enable as much air as possible to 
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enter the filter, the supply of the sewage to the filter is fre- 
quently made intermittent, the sewage being distributed over 
the surface of the filter in thin films or single drops. The 
films of sewage soaking down into the filter displace the air 
in front and draw air in after them. This intermittency of 
action is to be encouraged in every way. It appears to me 
that the expression ''intermittent percolating filters" most 
correctly describes the arrangement, which, I believe, gives 
the best results. 

The process of purification by intermittent filtration can 
best be understood by a careful study of the Chesterfield experi- 
mental filters, shown in Fig. 18. The filters here are two in 
number, each with an area of 616 square yards, the area of the 
two being a little over a quarter of an acre. Between the two 
filters is a Shone*s ejector, from which an iron main supply 
pipe passes to each filter, and branch mains pass over its 
surface. The branch mains, which are perforated every 
four feet, become less and less in size. Each time the 
ejector goes off, 100 gallons of sewage is propelled through 
the perforated holes in the distributing pipes by means of 
the compressed air working the ejector. The sewage which 
is driven out through the holes impinges with a decreasing 
force against pieces of hoop iron, which are bent round the 
distributing pipe. This arrangement is well shown in the 
illustration. 

The ejector takes less than ten seconds to drive out 100 
gallons of sewage, and it is sprayed all over the surface of the 
filter. One filter has been constructed of coal, the other of 
destructor breeze. Both give excellent results. The filter has 
been at work about six years. The filter is under-drained by 
perforated pipes, and has no concrete floor or retaining walls. 
There are no ventilating pipes leading to the effluent drain, yet 
there is always a good current of air coming out at this pipe. 
This air must have passed through the filter along with the 
sewage. On August 14 and 15, 1901, 1 carefully measured 
the amount of air coming out at the effluent drain, and found 
that it varied considerably with the atmospheric conditions, 
and ranged in different readings from 80 to 140 cubic feet a 
minute, the latter obtained on a day when a strong wind was 
blowing. Sewage was being applied to the filter at the rate of 
100 gallons a minute, while the air coming out of the effluent 
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drain was from 500 to 900 gallons per minute — that is to say, 
there was on this particular day with this filter five to nine 
times more air available for the oxygenation of the sewage 
than is the case with a contact bed. 

Samples of the air coming out at the effluent drain of 
this filter have been carefully analyzed by me, and give the 
following results : — 

Analysis of Aib passing fkom Effluent Drain of Chesterfield 
Percolating Filter, compared with Atmospheric Air. 





Effluent 


Atmospheric 




drain air. 


air. 


Carbon dioxide 


. 0-5 to 1-7 


0-04 


Oxygen 


.. 19-20 „ 19-5 


20-96 


Nitrogen (by exhaustion) ., 


.. 80 


7900 


Excess of carbon dioxide . 


.. 0-5 to 1-7 





As mentioned, at the time of the collection of these 
samples a strong wind was blowing, and the filter was in 
thorough action. For the sake of comparison, I have col- 
lected a sample of the air coming out from the filter on a 
still day after the filter had been allowed to remain resting 
for thirty-six hours. When the sewage was first applied, no 
air at all came out with the effluent. In about three hours 
95'6 gallons of air came out with the effluent for every 100 
gallons which were sprayed over the filter. 

A sample of this air had the following percentage compo- 
sition : — 

Carbon dioxide... 2*25 

\ja.j^jG\X ••• ••• ••• ••• ••• »•• J.7i:c/ 

Nitrogen (by exhaustion) 83*25 

On the day of collection no wind at all was blowing. The 
air was analyzed by direct absorption in a Hempel's gas 
pipette. 

To ascertain the value of spraying the sewage over the 
filter, the sewage was collected throughout the day by means 
of a large glass funnel, as it fell in the form of spray, and the 
following analyses were made : — 
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Parts per 100,000. 





Tai 


nk effluent. 




Parts per 100,0 ao. 




(^Afier Spraying.} 


Filtrate. 


Total solids 


• • • 


83-0 


• • • 


92-5 


Chlorine 


• • • 


11-75 


• • • 


11-4 


Alkalinity (estimated 


as 








carbonate of lime) 


• • • 


37-5 


• • • 


18-5 


Free ammonia ..* 


••• 


0-8 


• • • 


0-2 


Albuminoid ammonia 


• • • 


0-39 


• • • 


0-05 


Niti'ogen as nitrates 




Nil 


• • ■ 


2-6 at 11.0 a.m. 
2-0 at 4.0 p.m. 


Nitrites 


• • • 


Nil 


• • • 


Trace 


Oxygen in solution 


• • • 


05 c.c. 


per! 


litre 7*4 c.c. per litre 


Free carbonic acid 


• • • 


0-40 


• • • 


0-176 



It does not appear from the above results that the spray- 
ing of the sewage into the air effects any material amount 
of oxidation, the only effect apparently being to dissolve half 
a cubic centimetre of oxygen per litre. The oxygen in the 
effluent in the form of nitrates and organic a<3ids, and in 
solution, no doubt balances the loss of oxygen in the air 
passing out with the effluent from the filter. 

It is on account of the very rapid intermissions in the 
application of the sewage to the filter that this large excess 
of air has been introduced into the body of this filter. The 
change effected in the sewage which was being applied to 
the filter is shown in the following result of the analyses of 
the Chesterfield sewage before and after filtration. The 
results are the counterpart of the analyses of the air. 







iDCubator test. 


1 














h' 










*i 






s 


Oxygen absorbed in 




itra 




Albumin 
ammonii 


3 minutes at 80° F. 




ogen as n 


alkal 
iteoi 




A. 


B. 


II 






Beft»re 


After 


b 
'*' 








incuba- incuba- 


3 


}Z5 




j 


tion. 1 tion. 









Tank effluent applied 

to filter 

Filtrate from coal filter 
Filtrate from destructor 
breeze filter 



Tarts per 100.000. 



0-56 

005 

004 



2-7 
001 

001 



4-8 


21 


Nil 


, 001 


Nil 


20 


001 


Nil 


21 



40-5 
20-5 

200 
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It will be noticed that the result of the oxygenation of the 
sewage is that the nitrogenous organic matter as indicated 
by the albuminoid ammonia is reduced 91 or 92 per cent., 
while sufficient oxygen is added to prevent the effluent under- 
going putrefaction. This oxygen is partly present in the 
form of nitrates, two parts per 100,000 of nitrogen being 
completely oxidized into the form of nitrates, while the 
carbo-hydrates and other organic matter are oxidized into 
organic acids, so as to effect a reduction of 50 per cent, 
in the alkalinity of the sewage estimated as carbonate of 
lime.* 

Fig. 18 shows the Chesterfield intermittent percolating 
filter at the moment the Shone's ejector is discharging, 
while Fig. 19 shows the detail of the spraying arrange- 
ment. This form of spray is also suitable for the dis- 
tribution of the sewage by automatic flushing tanks or 
tippers. 

Having examined the degree of aeration obtained at Ches- 
terfield by means of intermittent percolating filters, which 
are not covered with sand, it will be worth while to examine 
the results obtained with a filter which is covered with sand. 
For the point to be investigated the Dronfield filters were 
taken. Here each filter has an area of 294 supeifficial feet. 
The sewage accumulates in an automatic flushing tank, 5 feet 
square and 2 feet deep, so that every time the syphon dis- 
charges 50 cubic feet of sewage is distributed over the surface 
of the filter and forms a layer about 2 inches deep. In less 
than two minutes, this is absorbed by the sand ; careful 
investigations at the outlet of the filter, however, show that 
only 20 feet of air is driven out. This takes place during the 
three minutes succeeding the discharge of the syphon, but it 
is possible a slight current of air is taking place all the time, 
but is insufficient to be detected by means of an anemometer. 
Apart, therefore, from the practical difficulty resulting from 
the sealing of the surface of filters covered with sand, there 
is no doubt that the layer of sand should be avoided if 

* As mentioned before, the simplest method of ascertaining the work a 
biological filter is doing is estimating before and after treatment the alkalinity 
by deci-normal sulphuric acid, using methyl orange as an iudicator. A daily 
record of this should be kept at all sewage works. The operation takes five 
minutes. 



Fig. 19. — Ckebtehfield Distbibctoii. 
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possible, but if for any reason, such as absence of fall, the 
sand distributor is deemed necessary, its surface should be 
perforated by numerous sanitary pipes carried above the 
water level, so as to permit of the passage of the air into the 
body of the filter. 

The proper distribution of the sewage is the all-important 
point. Apart from this, all that is necessary is a heap of 
clean hard clinker or other suitable hard material, either 
thrown upon the surface of the ground without retaming 
walls, or thrown into a hole in the ground, the size of the 
material being as given on p. 122, or at any rate not 
greater than between one-quarter and three-quarters of an 
inch diameter, the top 6 inches being between one-eighth and 
half an inch, the whole filter being at least 4 feet 6 inches 
deep, and absolutely free from dust, and, in fact, of all 
material less than one-fourth of an inch. These details 
are of such importance that they cannot be repeated too 
frequently. 

The most important matter remaining for the ingenuity of 
the engineer is the method of distributing the sewage, but 
this is by no means an easy problem. The method of dis- 
tribution at Chesterfield, which I have fully described, is 
theoretically perfect, but it is expensive, and is out of the 
question except where an ejector has to be used for other 
reasons, and with an offensive sewage it might occasion 
nuisance. 

What has to be accomplished is to apply a definite quantity 
of sewage to every square yard of filter in an intermittent 
manner. When the filters are 5 feet deep the amount should 
be about 250 gallons per diem, more or less, depending upon 
the strength of the sewage. 

The following analyses of the sewage in different stages of 
purification are instructive. In this case the effluent from 
the septic tank is filtered through primary and secondary 
filters, the sewage being distributed by one of Candy's 
revolving arms. 



142 



THE PURIFICATION OF SEWAGE. 



Darlet Abbey Feboo latino Filters (see Figs. 25 and 26). 

Parts per 100,000. 





Albun 


linoid ammoDia. 


N as nitrates. 


Putrescibilil 


■y.* 


Date. 
















Septic 


First 


Second 


Septic 


First 


Second 


Septic 


First 


Second 




tank. 


filter. 


filter. 


tank. 


filter. 


filter. 
1-50 


Unk. 


filter. 


filter. 


Aug. 25, 1903 


0-25 


008 


003 


Nil 


1-25 


20 


1-8 


Nil 


„ 26, „ 


0-50 


010 


003 




1-21 


20 


2-41 


005 


001 


« 27, „ 


0-50 


013 


0-04 




1-25 


2-20 


2-36 


0-24 


Nil 


„ 28, „ 


0-52 


0-25 


Oil 




0-75 


2-20 


0-48 


Nil 


0-002 


„ 29, „ 


0-55 


0-83 


008 




17 


50 


1-58 


n 


Nil 


Sept. 1, „ 


0-71 




009 




1-8 


2-5 


1-91 


91 


0-01 


„ 2, „ 


0-71 


0-33 


010 




1-3 


31 


010 


0-20 


Nil 


„ 3, „ 


0\55 


0-38 


0-106 




0-75 


2-9 


2-83 


016 


0-12 


„ 4, V 


0-55 


016 


0-08 




50 


43 


1-762 


Nil 


Nil 


5» *^» » 


0-37 


0-23 


007 




20 


3-5 


1-87 


0-72 


9* 


„ 7, „ 




0-33 


008 




20 


5-8 


2-72 


0-91 


n 


Averages ... 


0-521 


0-232 


0074 




1-72 


8-18 


1-82 


0-37 


001 


Pejrcentage of) 
purification j 




00-4% 


85-8% 


— 


— 


— 




79-7% 


99-4% 



The final effluent is clear and sparkling ; all beading formed -on shaking a 
bottleful disappears in three seconds. The effluent is so transparent that pearl 
type can easily be read through a column 12 in. in depth. The first filter 
removes 53*4 per cent, of organic matter, and the two filters remove 85*8 per 
cent, of organic matter. The remaining 14-2 per cent, is so oxidized as to be 
no longer putrescible. There is a large amount of nitrification taking place, 
and the effluent, in brief, is of a very high standard of purity. 

Although the bacterial treatment of sewage is so satis- 
factory from a chemical point of view, yet the researches of 
Houston and others have proved that it cannot be relied 
upon to remove pathogenic organisms. Where, therefore, an 
effluent is to be discharged into a stream above the intake 
of a water authority, the effluent should be continuously 
strained through a sand filter working at the rate of 300 
gallons per square yard per day, but the water company 
should, in the case of existing sewage works, pay for this 
additional purification, which would not be required except 
that their intake is below the sewage works. 

Tabulated below are some of the results which have been 
obtained by means of percolating filters. Speaking generally, 
it will be seen that they are better than the results obtained 
by contact beds, even when the sewage has been filtered 
twice by this method. 



* Measured as difference in oxygen absorbed in 3 minutes at 80° F., before 
and after 7 davs' incubation at 80° F. 
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KesuLts obtained by Percolating Filtebs. 
Worked, at the rate of Half a Million OalUms per Acre per Day. 

Farts per 100,000. 



CUESTKltFIELD. 


BUBTON. 




Date. 


Albaminoid. 


l^itrogen as 


l')fl.te 


Albuminoid 


Nitrogen as 


ammonia. 


nitrates. 


L'CivC. 


ammonia. 


nitrates. 


Tank effluent ... 


0-38 


Nil 


Tank effluent... 


0-25 


Nil 


1899. 






1900. 






June 9 


008 




May 29 


010 


1-3 


„ 14 


010 




June 1 


004 


1-5 


„ 15 


0-08 




„ 7 


006 


1-5 


,. 29 


010 




„ 8 


006 


1-75 


„ 30 


006 


0-8 


,, 9 


004 


1-75 


July 11 


008 


1-2 


„ 11 


005 


1-5 


,. 19 


008 




„ 13 


005 


1-3 


„ 26 


004 




,, 14 


004 


1-25 


Aug. 8 


008 




„ 19 


004 


1-7 


„ 10 


010 


' 


„ 20 


004 


1-5 


„ 12 


006 




„ 21 


004 


1-3 


„ 17 


008 




M 22 


005 


1-3 


„ 24 to 29 


008 




„ 23 


006 


10 


„ 31 


010 




» 25 


007 


0-2* 


Sept. 15 


012 




„ 26 


004 


0-4 


Oct. 31 


008 




„ 27 


004 


0-45 


Nov. 2 


008 




„ 28 


005 


0-4 


Dec. 12 


006 




„ 29 


005 


0-4 


M 14 


006 




„ 30 


004 


0-4 


1900. 












Jan. 1 


010 


1-5 


July 2 


0-04 


0-25 


May 17 


010 


1-25 


„ 3 


005 


0-3 


Sept. 7 


008 




„ 4 


004 


0-25 


Oct. 12 


005 


10 


5 


0-04 


0-25 


,; 15 


004 


1-5 


Filter partiall)) 


' rested to 


enable 


Dec. 10 


004 




nitrifying org 


anisms to r< 


ecover. 


1901. 












Jan. 17 


008 


1-3 








„ 28 


006 


1-8 


Aug. 14 to 18 


004 


1-56 


March 5 


004 


2-5 


„ 20 to 25 


004 


1-42 


M 10 


010 




„ 27 to Sept. 1 


004 


0-30t 


April 23 


006 


31 


Sept. 3 to 8 


004 


0-26 


May 14 


005 


2-2 


„ 10 to 15 


004 


0-26 


July 1 


003 


50 


„ 17 to 22 


004 


0-23 


Aug. 16 


0-05 


20 


„ 24 to 28 


006 


0-24 


Average 


007 


1-93 


Average 


0047 


0-87 


Percentage of 


Percentage of 




purification ... 


81-5 




purification ... 


81-2 





* During June the rate of filtration was increased from 100 to 200 gallons 
per square yard, and the nitrates began to diminish. 
t Sewage contained 5 grains per gallon of free lime. 
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I have set out in extenso the results obtained at Chester- 
field and Burton, because both these sewages are extremely 
difficult to treat. The Chesterfield sewage contains waste 
from tanneries and breweries, and the Burton sewage con- 
tains a large amount of brewery waste, which rapidly under- 
goes decomposition, with the production of a large amount of 
sulphuretted hydrogen.* 

At Buxton the average amount of albuminoid ammonia in 
the effluent from a percolating filter is 004 part per 100,000. 
The average from three samples obtained at Wolverhampton 
is 0*08. The average of twelve samples from Long Eaton 
is 0-06. 

Although I have only referred to the albuminoid ammonia 
it should be clearly understood that I am not basing my 
opinion on this one factor, but upon this in conjunction with 
the incubator test, the amount of nitrogen as nitrates, and 
the freedom of the effluent from suspended matter. 

Set forth below are analyses of average effluents from per- 
colating filters which have recently been made, the filters 
working at an average rate of 200 gallons per square yard 
per day. 





at 


Oxygen absorbed in 


• 


ja'2 




§ 


3 mln. at 80° Fahr. 


s 


52 , 




Q 




^ 


& V 




a 

as 

2 

o 
a 


1 

1 


1 
p 


§4 


s 


hrongh ' 
pecan b 


Remarks. 




a 

< 

0-02 


r 

003 


9 After in 
g tlon 


o 

Nil 


0-4 


Depth! 
pearl ty 




Langmth 


ins. 
Over 12 


rClearandspark- 
\h*Dg; keeps well 


Chesterfield Borough 


0-06 


001 


001 


»> 


1-8 


„ 12 


Ditto 


Long Eaton 


0-08 


001 


001 


»f 


0-6 


„ 12 


Ditto 


Buxton (experimental 
filter) j 


003 


0-01 


001 


99 


0-25 


„ 12 


Ditto 


Dronfield 


003 


009 007 

1 


»1 


1-8 


„ 12 


Ditto 


The figi 


ires refer to parts per IC 


10,000. 



* This sulphuretted hydrogen is neutralized with lime, so as to prevent 
aerial nuisance. The clarified sewage, containing some 5 to 8 grains of free lime, 
was distributed over a percolating filter. No nitrification, however, took place. 
The lime was next neutralized, and nitrates(appeared in the efiSuent, and when 
the limed sewage was again used without being neutralized, the nitrates began 
to diminish. This point is worth recording, as showing that large amounts of 
lime are harmful to the nitrifying process (see p. 75). 
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Such effluents as the above are examples illustrating the 
truth of the conclusion of the Eoyal Commission, that " By 
artificial processes alone it is practicable to produce effluents 
which will not putrefy, which could be classed as good accord- 
ing to ordinary chemical standards, and which might be dis- 
charged into a stream without fear of creating a nuisance." 



CHAPTEE X. 

AUTOMATIC DISTRIBUTORS AND SPECIAL FILTERS, 

Lomax first adopted automatic intermittent feed — Ducat's filter — Garfield's 
filter — Lowcock's and Colonel Waring's experiments — ^Results obtained 
by filters — Automatic distributors — Stoddart's — Candy-Whittaker re- 
volving arm — Adams' distributor — Mather and Piatt's — Scott-MoncriefTs 
— Wilcox's distributor — Relative merits of fixed pipe and moving 
distributors — Appliances for automatically giving intermittent feed — 
Colman's automatic feed. 

Having come to the conclusion that, on the whole, percolating 
filters have advantages over contact beds, the special arrange- 
ments for intermittently applying sewage to percolating filters, 
and the various arrangements which have been elaborated 
for improving their aeration, deserve further consideration. 

The first advance was made by Mr. C. J. Lomax, of 
Manchester, who some ten years ago applied precipitated 
sewage intermittently to filters by means of an automatic 
flushing tank. The following description was then written : — 
" Instead of having filters in triplicate, using each filter for 
eight or twelve hours, and then letting it rest for twelve or 
sixteen hours, each filter is supplied with an automatic 
flushing syphon, which discharges once every twenty minutes. 
The tank effluent is allowed to accumulate in the flushing 
chamber for twenty minutes, the syphon then comes into 
action, and in a minute or two spreads the accumulated 
clarified sewage over the area of the filter bed, in five minutes 
the sewage disappears from the surface of the filter and 
draws air into its interstices. This air remains in contact 
with the thin films of organic matter left on the surface of the 
filtering medium for fifteen minutes, when the syphon again 
discharges. By placing one's hand at the effluent outlet pipe, 
just after the syphon has discharged, it is quite easy to feel 
the air being displaced — in fact, the current is sufficient to 
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blow a match out if the outlet valvie is half closed. No 
analyses are available to show the quantity of oxygen taken 
up by the sewage from the air, but if the quantity of the 
sewage is only kept low enough, say 250 gallons per day 
per square yard, I believe 80 or 90 per cent, of purification 
would be effected." 

It must be borne in mind that Mr. Lomax was inter- 
mittently applying sewage to filters covered with sand. At 
that time the obstacle which sand offered to the ready 
admission of air into the body of the filter was not recog- 
nized. If Dibdin's work had merely resulted in the elabora- 
tion of the contact system, it would have been a great stride 
forward, but as a result of the contact system, the layer of 
sand on the top of sewage filters was abolished, and the 
modern percolating filter was evolved. I believe the first 
percolating filters constructed without sand on the top were 
those of the late Colonel Ducat, E.E., and one of Mr. Gar- 
field's coal filters. 

Ducat's Filter. — The peculiarity claimed for this filter is, 
that it is capable of filtering crude sewage. Its sides are 
constructed of agricultural drain pipes so placed that the outer 
ends are higher than the inner ones. At certain levels layers 
of drain pipes go through the whole of the filter with the 
object of aerating it at different levels. The sewage is caused 
to trickle continuously from carriers going over its surface. 
By this arrangement it is claimed that the air passes con- 
tinually through the filter laterally, and that in consequence 
it will not require rest, and need not be worked intermittently. 

The author had the opportunity of seeing this filter at 
work at Hendon on September 3, 1897. The crude sewage 
going on yielded 0*72 part of albuminoid ammonia per 100,000, 
while the filter effluent contained 0*09 part of albuminoid 
ammonia, and as much as 2*5 parts of nitrogen as nitrates. 
The percentage of purification effected was 87*5. The quantity 
of sewage filtered per square yard of filter was 250 gallons 
per day of 24 hours. 

It should be borne in mind that Colonel Ducat was deal- 
ing with raw sewage which had not been precipitated; the 
depth of the filter, however, is eight feet. Whether better 
results still would be effected by constructing the filter of 
coal is a point which is worth experimenting upon. Another 
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arrangenaent which Colonel Ducat made was for the filter to 
be kept warm in the winter months by passing hot-air pipes 
through it, the air being heated by a slow combustion stove. 
In a paper read at the Glasgow Conference of the Eoyal 
Institute of Public Health, in September, 1895, the author 
suggested the advisability of keeping all sewage filters warm 
by the circulation of hot -water pipes at a temperature of 
90° Fahr. 

Eecent experiments of the author's at Ilkeston have 
convinced him that under nearly all circumstances sedi- 
mentation tanks are necessary. With an exceptionally dilute 
sewage, perhaps, filtration alone would be sufficient if the 
sewage as it arrives at the outfall works is not fresh. 

Coal Filters (Garfield's Patent). — Mr. Garfield, engineer 
of the Sewage Disposal Works, Bradford, and Mr. E. W. T. 
Jones, County Analyst, Staffordshire, have made a large 
number of experiments with different filtering media, and 
they found that the most striking results could be obtained 
by filtering a tank effluent through coal. The reason why 
coal should give such excellent results is by no means settled, 
but there can be no doubt as to the high percentage of 
purification effected by this medium. The size of the 
material is a factor of the greatest importance. The authors 
of the coal-filtering process found that the best results are 
obtained with filters of a depth not greater than five feet. 
The bottom three inches of the filter is constructed of inch 
cubes covered with half-inch cubes for another three inches, 
this latter being covered with two feet of coal {free from dust) 
which will pass through a ^-inch screen, but stop upon a 
:J-inch screen, and upon this is a layer of two feet of coal 
washed /r^e/ro??i dusty of a size that will go through a :^inch 
screen, but stop on ^inch screen. The top layer of all is 
composed of coal containing dust which will go through 
a J-inch screen. The object of this layer is to distribute the 
sewage evenly all over the surface of the filter (see Fig. 12).* 

Mr. Garfield, like Colonel Ducat, works his filters on 
the percolating principle, and has no layer of sand upon the 
surface. He distributes the sewage over the surface of the 
filter by means of iron troughs or pipes which constantly over- 
flow. This pipe distributor consists of small galvanized tubes 

* This layer would be left out if a mechanical distributor were adopted. 
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(say I inch in diameter) resting on the surface of the filter 
and placed say three feet apart. These tubes are perforated 
with small holes, the size of which depends on the head of 
water and quantity to be delivered. These holes are also 
three feet apart. The whole series of the tubes are connected 
in the middle of their length by levers to a rod, which can 
be moved by hand or otherwise, through an angle of 45°, 
thus the jet is first thrown on one side of the tube and 
then on the other. The jets on one tube being halfway 
between the jets on the other, a good and even distribution 
is obtained. 

It cannot be too emphatically stated that in the process 
of filtering sewage, it is a matter of the greatest importance 
to have the sewage distributed uniformly over the surface of 
the filters. A glazed sanitary ware sewage distributor has 
been brought out by Messrs. Wragg of Swadlincote, and is 
cheaper than the iron pipe distributor. 

A further improvement is the sewage distributor on the 
lines of the Chesterfield Distributor. This consists of an 
arrangement for varying the quantity of sewage from time to 
time by an automatic flushing syphon, the sewage itself being 
distributed over the surface of the filter by means of iron 
pipes three or four feet apart, and having J-inch to i-inch 
holes every three or four feet in their length. Two inches 
above each hole is an iron plate upon which the sewage 
impinges, and is thrown in a circle all round. As the head 
in the flushing tank diminishes the radius of the circle 
narrows, and in this way every part of the filter is alternately 
sprinkled (see Fig. 20). 

The Lawcock Sewag:e Filter.— In this most suggestive 
arrangement, the principle is adopted of artificially aerating 
the filters by means of a small blower, and thus increasing 
their efficiency by supplying the air needed for the sustenance 
of bacterial action. It is obvious that if this could be accom- 
plished, instead of having filter beds in duplicate, to be used 
in turn, a filter bed could be used continuously, and a great 
saving of money and space could thereby be effected. The 
idea seems to have struck Mr. Lowcock, of Birmingham, and 
Colonel Waring, the well-known American engineer, about 
the same time. The two filters, however, have this difference 
— Mr. Lowcock introduces his air at the middle and blows it 
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out with the effluent at the bottom, while Colonel Waring 
aerates his filters upwards. 

The Lowcock filter (see Fig. 21) consists of three inches 
of sand resting on nine inches of pea breeze ; this in torn 
rests on twelve inches of bean-sized pebbles, in the middle of 
which are a number of perforated pipes connected with a 
blower, which supplies a slow continuous stream of air evenly 
distributed all over the filter. The layers of the filter above 
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Fid. 20. — DiAOBAU ILLUSTRITINC AnTOHATlC SlITAaE DlBTRIBUTOIt. 

the air are more closely packed than below, so that the 
sewage and air pass as frothy films downwards over three 
feet of gravel, or other suitable material, to the large open 
outlet at the bottom. 

The pressure of the air necessary to accomplish this is not 
more than equal to a column of water three or four inches in 
height. It is obvious that if there is nine inches of water on 
the top of the filter the air will not pass up ; but I believe 
the filters are now prepared by selecting the material of 
gradually increasing size from above downwards, so that. 
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eyen when no water is in the filter, the air passes oat at the 
bottom. The advantage of this is that it leaves the top of 
the filter undistuihed to intercept any matters left in sas- 
penaion from the precipitating tanks and clarifiers. The 
work of the filter can be increaeed where there is a consider- 
able fall, more air being supplied at different levels. The 
result is, that oxidation and nitrification proceed continuously 
and rapidly. 

Colonel Waring was able, at Newport, U.S.A., to effect a 
purification of 92*5 per cent, in the albuminoid ammonia ; 
while Mr. Lowcock, dealing with the Wolverhampton sewage. 
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which is extremely difficult to treat, reduces the albuminoid 
ammonia from 80 to 90 per cent. 

Aspirating Filters. — At Belper new filters are being con- 
structed BO that air may be drawn through them constantly. 
It will also be possible to use the same apparatus for blowing 
ozone through the filter or for passing into the filter ionized 
ail'. A plan and section of the aspirating filters being put 
down at Belper are given in Fig. 22. 

Comparative Trials. — The coal, coke breeze, and the 
Lowcock filters have been tried at Tipton with the following 
results, for the report of which the author is indebted to Br. 
George Reid, the County Medical Officer of Staffordshire : — 
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The following are some results obtained with coal, de- 
structor breeze, and coke breeze filters at Buxton : — 
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In addition to being tried at Buxton and Tipton, coal 
filters have been tried at Lichfield, Chesterfield, and Kim- 
berley with equally striking results. 

Effluents, such as those from the coal filters at Tipton 
and Buxton, containing a large quantity of nitrates and little 
organic matter are practically perfect from a chemical point 
of view. 

All the modern percolating filters are intermittent per- 
colating filters — combining an automatic intermitting appa- 
ratus, such as the syphon chamber first used by Lomax, and 
an iron distributor. 

As far as the intermissions are concerned, the tendency is 
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to make the cycles of work and rest shorter and shorter. The 
intermissions are generally effected by means of automatic 
tippers, or automatic flushing tanks, which may be actuated 
by floats or syphons, or clockwork, which alternately turn the 








Section . 



ScBte «/>8W. 






Fia. 22. — ^Aspirating Filter, Bblpeb (C. J. Lomax). 



sewage on and off by means of revolving taps. Instead of 
clockwork, the force of the sewage itself can be utilized by 
means of water-wheels, turbines, or the revolving outlet 
known as Barker's Mill, which is the principle involved in 
the familiar American sprinkler used for watering lawns. 
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A simple distributor is that invented by Mr. Stoddart, 
F.I.C., of Bristol. This arrangement is shown in Fig. 23, 
and consists of perforated corrugated iron, the corrugations 
on section showing like repeated M's. The holes are at the 
top apex, and from the bottom part of the M a series of 
points project, from which the sewage drips in intermittent 
drops. This distributor requires less fall than any other I 
am acquainted with, but the experience the author has had 
with three different filters is that, unless they receive con- 
stant attention, fungus grows in the channels and interferes 
with regular distribution ; some holes take no sewage while 
others give a constant trickle. 

Mechanical Sewag:e Distributors* — During the last three 
years great strides have been made in the mechanical dis- 
tribution of sewage. The tendency, at the present time, is 
all in favour of moving distributors, either troughs or pipes, 
as opposed to fixed distributors. 

The first form of revolving sprinkler (shown in Fig. 24) is 
to be seen at the works for the village of Heath, which have 
been designed by Mr. E. Lines, the sewage engineer of the 
Chesterfield Eural District Council. The block fully shows 
how the apparatus works, and hardly any description is 
necessary. The revolving perforated arm reaches right 
across the circular filter, and is self-propelled by the sewage 
running out through the perforated pipe. This revolving 
arm is not in action all the time, the sewage accumulating in 
a tank ; as soon as it is full, some of the sewage syphons 
over into a vessel which counterpoises the outlet valve of 
the tank ; as soon as this vessel receives a given weight of 
sewage it lifts up the valve, and the tank empties into the 
revolving distributor, the counterpoise gradually emptying so 
as to be ready for the next discharge. Obviously, revolving 
distributors require circular filters. It would be even better 
to make them hexagonal, the six corners being used for 
aerating purposes. Expensive retaining walls are un- 
necessary, and several filters would fit into each other honey- 
comb fashion. 

Revolving Distributors fed from above. — The first re- 
volving distributors, such as the original " Candy," and 
the first **Whittaker Bryant," were fed from above. This 
Candy Eevolying Sprinkler consisted of a perforated pipe fed 
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through a funnel at the centre. This distributor revolved on 
ball bearings on a central shaft coming up through the centre 
of the filter. A photograph of this distributor is given on 
Fig. 24. The objection to the arrangement will be seen in the 
illustration, namely, the difficulty in constructing a distributor 
of large size. A large revolving distributor requires stays on 
the cantilever principle, so that with a filter 60 feet in 
diameter, the top of the central shaft from which the stay 
rods spring would be at least 3 feet above the top of the 
filter ; therefore three feet of fall would be lost. With a 
larger filter the shaft at the centre would have to be higher 
in proportion, and more fall still would be lost. On this 
account revolving distributors with an overfeed are only 
suitable where there is an ample fall at the outfall works — 
a condition rarely met with — and for small filters. The other 
revolving distributor with the top-feed, the " Whittaker 
Bryant," was suspended on an adjustable conical bearing, 
an arrangement which was remarkably free from friction. 
There were the same drawbacks to this distributor as to the 
one already described. 

• Revolving Distributors fed from below^. — This obvious 
limitation to revolving distributors was overcome by feeding 
the central chamber from below. Here, again, a difficulty 
presented itself. The joint where the revolving arm moved 
on the fixed central shaft was the weak spot. The danger 
was that the joint would either leak — or if tight enough not 
to leaky there would be so much friction that the apparatus 
would not revolve. This difficulty has been obviated by 
English engineers in three different methods. 

The Candy Distributor. — The syndicate representing the 
Candy and the Whittaker Bryant Sprinkler have introduced 
a most ingenious mercurial seal (Fig. 25), which permits the 
adoption of a perfectly easy frictionless joint. 

A plan and section of the central feed of this distributor 
are shown in the accompanying plate (Figs. 26, 27). The 
sewage passes from the feed chamber up the central shaft ; 
then through the upright longitudinal holes into the cylinder 
into which the perforated arms are fixed. This cylinder is 
suspended on ball-bearings from the top of the central shaft. 
The cylinder is open above, and below it fits into a groove a 
couple of inches deep, which is filled with mercury. To keep 
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the cylinder in its place, and to prevent lateral oscillations, 
it is also provided below with ball-bearings. The feed- 
chamber is fixed a foot or so above the level of the perforated 
arms. The sewage rises inside the cylinder some thirteen 
inches with this head, the mercury being about thirteen times 
heavier than sewage. The only outlet for the sewage is 
therefore through the perforations in the movable pipe, 
which turns round with a head of about a foot. The author 
has four of these distributors in his district, and they are 
quite a success. The results of analyses of the effluent 
obtained are given on p. 142. 

Messrs. Adams' Cresset Distributor. — Messrs. Adams 
have overcome the friction difficulty by adopting for their 
joint an air-lock between two water-seals. A section through 
Messrs. Adams' " Cresset " distributor is given in Fig. 28, 
and an illustration of the distributor at work in Fig. 29. 
There is no loss of head other than that required to revolve 
the apparatus, the sewage rising in the central chamber to 
the same level as in the feed tank. The ball-bearings upon 
which the distributor revolves, work in a race supported upon 
the central column, well above water level and protected from 
rain. A lubricator is fitted upon the cross head by means of 
which the ball race is kept oiled. The arms are stayed with 
steel guy ropes. Messrs. Adams generally have four revolving 
arms instead of two, but there does not appear to the writer 
to be any special advantage in this. It is obvious that by 
reduplicating the number of water-seals the head working the 
distributor can be increased to any extent within reason. 
This make of distributor is working satisfactorily at Buxton 
and Chesterfield in the author's district. 

Messrs. Mather and Piatt's Revolving Trough Dis- 
tributor. — The revolving distributors already described are 
actuated on the principle of Barker's Mill. Messrs. Mather 
and Piatt have introduced a turbine into their distributor, 
and have adopted a trough instead of a pipe for distributing 
the sewage. The trough is easier to clean than a perforated 
pipe, and as the apparatus is turned by the turbine, a 
perforated pipe is not necessary to utilize the trajectory force 
of the sewage issuing from the holes in the distributor. It is, 
therefore, possible to have a much larger number of holes, and 
have them closer together than is the case with the revolving 
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pipe distributors. The working parts of this diatribotor are 
shown in Fig. 30, -while the principle is made evident by the 
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sections through the turbine there given. An illustration of 
the apparatus at work is given in Fig. 31. 
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The sewage rises up the central shaft, passes through the 
turbine, and falls over a lip into a collecting channel. This 
lip is a recent improvement, and prevents any leakage at the 
centre of the filter. The sewage, after it has passed through 
the turbine, falls into a circular collecting channel around the 
periphery of the turbine from which the distributing trough 
is fed. 

The Scott-Moncrieff Distributor.— With all revolving 
distributors there is a real difficulty, more especially with 
revolving pipes, in distributing the sewage so that each 
superficial yard of filter receives the same amount of sewage, 
and although the holes in the pipe may be apportioned so 
that theoretically this is done, as the pipe revolves at varying 
rates, centrifugal action is greater at the greater velocity, 
and an increased amount of sewage is distributed over the 
periphery of the filter. With distributors tested by the 
author, he has found the variation to exceed 60 per cent. 

Mr. Scott-Moncriefif has introduced a revolving trough 
distributor which is quite free from this objection, as it always 
revolves at the same rate, and the amount of sewage falling 
at different distances from the centre of the filter is regulated 
by raising or lowering a series of overflow weirs. This 
distributor is only suitable for large beds. There is already 
one at Birmingham, and another at Hanley. Fig. 32 gives a 
view of the distributor at work at Birmingham. The sewage 
rises up the central feed tank and overflows along the 
trough, which is kept rigid, like a girder-bridge. Around the 
circumference of the filter is a tram-line, along which a small 
oil-engine slowly revolves, turning the trough. The author 
would like to see a trough tried constructed on the cantilever 
principle across the whole diameter of the filter, and turned 
by a motor running on rails on the ground level instead of an 
elevated tram-rail above the filter. 

The Latest Revolving Distributor.— Mr. Loinax has, at 
Belper, adopted the Howard distributor, which is turned by the 
effluent flowing round a channel around the base of the filter.* 

Messrs. Mather and Piatt have introduced a revolving 
trough actuated by an electric motor at the centre. When 
there is insufficient fall to turn a revolving arm, obviously 

* The corporation of Chesterfield and Messrs. Evans, of Parley Abbey, have 
recently constructed revolving arms of simple design, which act well. 
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it will be more economical to use a small gas-engine or oil- 
engine to turn the revolving arms round than to pump the 
sewage. The arms could be revolved by means of wire ropes, 
a perpetual screw, or, simplest of all, by a torsion gear. 

With all revolving arms it is advisable to have wind- 
cones fitted, on the principle of Osier's Anemometer, so that 
instead of being interfered with by the wind, their rotation 
will be assisted. 

The Wilcox Distributor.— One of the best distributors 
the writer has yet seen is the travelling distributor invented 
by Mr. Wilcox, which is at work at Hanley. 

This arrangement (Fig. 33) consists of a trough, carried 
on tram lines, running up the two sides of a rectangular filter. 
The trough is propelled by an electric motor, and the sewage 
overflows on to the one half of the filter, while the trough 
is travelling in one direction, and on to the other half of the 
filter while it is travelling in the opposite direction. The 
effluent from the septic tank at Hanley, which yielded 0'28 
part per hundred thousand of albuminoid ammonia, was 
distributed over a filter of saggers 4 feet 6 inches deep, the 
material of which was between \ inch and \ inch in size. 
The effluent from the filter contained about 0*025 of albumi- 
noid ammonia, and 1*5 of nitrogen as nitrates ; the purifica- 
tion ejBfected, as measured by the reduction of albuminoid 
ammonia, was over 91 per cent. 

Ayebage Results obtained with Wilcox-Eaikes Distributor. 

(Authority, Dr. George Reed.) 
Hanley. 



Sample of 



} 



Sewage 

Septic tank ef- 
fluent 

Rectangular filter'i 
(fine portion) / 

Rectangular filter^ 
(coarse portion)/ 





Solids. 






• 


• 

«s 


73 








• 

1 

8-6 


«8 

•■-4 

§ 

03 

2 
2-009 


i 

.2 

a 

S) 


0-709 


Oxygen absorlx 
in 4 hours at 
80° F. 


c 

1 

1 

'A 


• 

1 
129-8 


J 

3 

OD 

58-9 


• 

1 


188-7 


3-814 


004 


1010 


3-9 


104-9 


8-8 


1-891 


0-280 


1-851 


0-11 


105-6 


0-6 


106-2 


8-5 


0-233 


0-035 


0-327 


1-55 


97-9 


0-3 


106-0 


8-4 


0-268 


0039 


0-339 


1-50 



Golnmn 
necessary 
to obscure 
test lines 

(inches). 



0-79 

1-8 

OYcr 2' 
OYer 2' 



172 THE PURIFICATION OF SEWAGE. 

Fixed Pipe Distributors. — Fixed perforated pipe dis- 
tributors have also been used, the sewage being either 
pumped through the pipes, as at Salford, or caused to inter- 
mittently discharge through the pipes by one or other of the 
automatic arrangements, which are described at the end of 
this chapter. 

Where tippers are used in connection with fixed pipe 
distributors, it should be borne in mind that a chamber of 
the same capacity as the tipper must be provided into which 
the tipper can empty itself. 

The top water-level of this chamber should be as high 
above the filter as is practicable, and the bottom about 
9 inches above the filter. In this way as large an area of 
filter as practicable can be irrigated. 

The distance apart of the perforated pipes depends upon 
the head which can be put upon them. At the Derbyshire 
County Asylum, the head on the pipes is 2 feet, the distance 
between the perforated pipes is 3 feet 6 inches, the per- 
forations in the pipes are 3 inches apart on alternate 
sides, the tipper discharges into a 6-inch pipe kept 2 feet 
above the filter, and which acts as a receiver, and from this, 
three 3-inch down-pipes communicate with the perforated 
1-inch distributing pipes. The perforations are J -inch in 
diameter, each hole being fitted with a little brass nipple 
hammered into the pipe and contracted at its extremity so 
as to squirt the sewage into the air and break it up. 

This arrangement involves no patents. At the Derby- 
shire Asylum the tank effluent yields 0*5 part per hundred 
thousand of albuminoid ammonia, while the effluent from 
the filter contains 0*05 to 0*08 of albuminoid ammonia and 
2*0 of nitrogen in the form of nitrates, the purification 
effected being 90 per cent. An illustration of an automatic 
tipper at work is given in Fig. 33. 

The largest area of fixed pipe distributors yet at work 
are those put down by Mr. Corbett, at Salford. There is a 
considerable head on the pipes, and the sewage is forced 
through some gun-metal nozzles, which have a series of 
spiral holes in them, thus imparting to the sewage a spiral 
swirling movement. It must be borne in mind that, with 
fixed distributors, it is necessary that the sewage should be 
sprayed into the air. If the septic tank^^effluent, therefore, 
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has a strong smell, a method of distribution by fixed 
pipes is more likely to cause nuisance than revolving arms, 
troughs, or the travelling distributors of Messrs. Wilcox and 
Baikes. 



Appliances for automatically intermitting the Discharge 

OF Sewage. 

With all revolving arms, and also with fixed distributing 
pipes, some arrangement is necessary for automatically 
making the discharge of sewage intermittent. The first 
arrangement which was used for this purpose was an auto- 
matic syphon chamber. 

Automatic Syphons.— Messrs. Adams, of Leeds, have on 
the market syphons, several of which are satisfactorily at 
work in the writer's district. 

Automatic Tippers. — Another arrangement, which is quite 
satisfactory where there is ample fall, is an automatic tipper. 
In Fig. 34 will be seen a fixed perforated pipe distributor, 
fed by an automatic tipper. As already suggested, the use 
of an automatic tipper is not advisable, except where there 
is ample fall. For large schemes it is also unsuitable, as 
tippers containing as much as fifty gallons become extremely 
clumsy, and as the shortest intermission which can be 
effectively utilized is two minutes, a separate tipper has to 
be used for every 36,000 gallons of sewage, or about every 
180 square yards of filter. 

Mather and Piatt's Intermittent Feed. — Fig. 35 shows 
Mather and Piatt's alternating gear for intermittently apply- 
ing sewage to a series of contact beds or percolating filters. 
The sewage fills up the tank chamber shown on the right, 
in which there is a float. This float, by means of a rachet, 
turns round a shaft which first of all opens one valve from 
the chamber, then another, so that the sewage can be turned 
first on to one bed and then on to another one. 

.Candy's Intermittent Feed-chamber. — Messrs. Candy 
have an extremely ingenious intermittent feed-chamber, 
which is shown in Fig. 27 (see folding plate facing p. 162). 
The feed-chamber is fitted at the bottom with a valve with 
indiarubber seating. The valve is kept in its place by 

N 
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guides and a balance weight. From the bottom of the feed- 
chamber an indiambber pipe passes to a bncbet, which 
is suspended from the opposite end of the same lever as the 
valve. The balance weight is so adjusted that the valve 
keeps in its seat until about an inch of sewage has covered 
the bottom of the bucket, when the bucket goes down and 
lifts up the valve, the sewage rushing out of the feed- 
chamber into the central cylinder of the revolving arms. 
The feed-chamber empties itself, and the sewage in the 
bucket runs back, after which the valve falls into its seat 
again and the feed-chamber fills once more. 



Fig. 35. — Mather and Pi.att's Actobatio F 

Colman's Automatic Intermittent Feed. — The best and 
simplest arrangement the writer has yet seen is Colman's 
" mercurial see-saw feed." This arrangement is shown in 
Fig. 36 opposite. It consists of a valve and a large £oat 
fitted in a feed-chamber, the valve being suspended from an 
iron rod, which has connected with it a tube connecting two 
cups, one at either end, the tube and cups being partly 
filled with mercury. 

As soon as the float rises to a certain point, the balance 
weight presses on an adjustable screw, so as to upset the 
balance of the tube containing the mercury. The mercury 
runs down into the cup (at the left end in the diagram), which 
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lifts the valve up with a jerk. As the float falls with the 
tank emptying, the balance weight is carried over until it 
presses on the other adjustable screw, and tilts the mercurial 
balance over in the opposite direction, the mercury running 
down into the mercury cup on the right side in the illustration. 
The impact of the mercury coming down forces the valve 
into its seat If the diagram is examined and compared with 
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this description, it will be seen that, although the float may 
move uniformly up fl-nd down as the feed-chamber fills and 
empties, the valve will be lifted and closed suddenly by the 
float reaching the extremities of its motion, 

The writer has had the opportunity of watching the 
behaviour of eight of these appliances during the frosts of 
last winter, and has been most favourably impreased by 
them. 



CHAPTER XL 



CONCLUSION. 



What process of purification to adopt — When a sewage farm — When 
precipitation and land — When precipitation and artificial filtration — 
Indications for a bacterial process. 

The question with which every sanitary authority is brought 
face to face is the very concrete one of "What process shall 
we adopt to purify our sewage ? " 

Before this question can be answered, certain definite 
knowledge must be obtained as to the nature of the sewage 
to be treated. Under this heading, information is required 
as to the nature of the manufacturing wastes turned into the 
sewers ; whether there is a public water supply ; the quantity 
and quality of the water of the district ; the quantity of 
sewage per head per day. If the water supply is obtained 
from surface wells, the quantity of sewage will probably be 
not more than ten gallons per head per day. With regard to 
the water, it should be ascertained whether it is hard or soft, 
and whether it contains a large quantity of sulphates. If it 
does, or if it contains brewery waste, the possibility of creating 
a nuisance, if a septic tank holding as much as a day's flow 
is constructed, must be borne in mind. 

Another important point upon which information must be 
obtained is, whether the sewers of the district have a good 
fall so that the sewage will reach the works comparatively 
fresh, or whether the sewers are flat and the sewage will be in 
an advanced state of decomposition by the time it reaches the 
sewage disposal works. 

Then another material point will be to ascertain whether 
much surface water enters the sewers, and, finally, an average 
day's sample of the sewage should be collected for analysis. 

Nothing more than broad generalizations can be laid down 
without definite instances to deal with. 
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In the first place, let us suppose that we have ordinary 
domestic sewage to purify, one not containing any manu- 
facturers' wastes. The first investigation that should be 
made is as to whether there is a sufficient area of good 
sandy or gravelly soil which can be commanded by gravitation. 
In carrying out this investigation, great assistance will be 
obtained by carefully studying the geological maps of the 
district, particularly if published on a scale of six inches to 
the mile. 

Speaking generally, if the locality is on the boulder or 
other clay, the new red marl, the coal measures, Yoredale and 
limestone shales, the mountain limestone, and the pre- 
Gambrian rocks, the land as a rule will not be suitable for 
sewage farm purposes.* If, on the other hand, the forma- 
tion is blown sand, drift, or other gravel, hunter sandstone, 
old red sandstone, or possibly the millstone grit, a sewage farm 
may be advocated. 

The next step will be to have trial holes dug to a depth 
of six feet ; too many of the holes cannot be dug, as it is 
frequently found that patches of saud or gravel, particularly 
if by the side of a river, do not extend over such large areas 
as they apparently seem to do. 

What will be found very useful in carrying out these 
investigations is a small boring tool five or six feet long, and 
half an inch to three-quarters of an inch in diameter. With 
this instrument, the nature of the soil and subsoil may be 
ascertained, without obtaining leave to dig trial holes ; and in 
the course of a couple of hours, with the assistance of a strong 
man, ten or more trial holes may be made. 

Whatever process of purification is adopted, road detritus 
must be allowed to settle in detritus tanks, and gross suspended 
matters must be separated by screening the sewage through a 
half-inch screen. The best screening arrangement, and the 
simplest, is the cage screen in use at Buxton, illustrated in 
Fig. 8. 

Having come to the conclusion that a sufficient area of 
sandy or gravelly soil is available, and that the land can be 
obtained for not more than £150 per acre, a sewage farm may 
be decided upon. The question will then arise as to whether 

♦ If on the chalk or other water-bearing strata, the question of polluting 
.water supplies must be borne in mind. 
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it will be necessary to precipitate by means of chemicals or to 
adopt tanks for simple subsidence. The answer to this question 
will depend very largely upon the freshness and nature of the 
sewage. If it contains a lot of suspended matter, and is quite 
fresh, the sewers having good gradients, it is desirable that at 
least a rough kind of precipitating tank should be constructed. 
The tank effluent need not be of the purity that it is necessary 
to attain where biological filters alone are contemplated. If 
the sewage is stale by the time it reaches the disposal works, 
instead of a precipitating tank, a large settling tank and a 
rough strainer of coke breeze may be used. In any case it 
will always be found desirable to have laid out on the sewage 
farm a small biological intermittent filter, so that when the 
crops do not require the sewage it can be turned upon the 
biological filters, and the other arrangements described in 
Chapter V. should be carried out. 

Where the land of the district is suitable for the purification 
of the sewage, but the price is more than £150 per acre, it 
may be found desirable to take a smaller area and adopt 
more perfect precipitation. 

With regard to precipitation, the best results will be obtained 
in the Dortmund tank. As to the chemicals which should be 
used, this will depend entirely upon the chemical nature of 
the sewage to be treated, and is a matter for definite experi- 
mentation in the actual tanks themselves after the construction 
of the outfall works. 

As has been pointed out in the chapter on Precipitation, in 
some few cases, such as where there is a large proportion of 
brewery waste in the sewage, it will be necessary for the 
sewage to undergo special modifications of the process of 
purification. 

If the sewage is domestic and weak, either from there being 
a very large water supply, or because a large quantity of sub- 
soil water finds its way into the sewers, and the water of the 
district is soft and does not contain many sulphates, the sewage 
can easily be purified by septic processes without nuisance. 

Where, however, there is not suitable land, or the sewage is 
exceptionally strong, and the water contains sulphates, pre- 
cipitation and filtration through biological filters will probably 
have to be adopted, especially if the works are in a populous 
locality. 
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First of all, dealing with manufacturers' wastes, all solid 
matters in suspension should be kept out of the sewers, and 
the wastes should be admitted to the sewers continuously 
throughout each working day. Under certain circumstances 
it may be necessary to pass the sewage through a septic tank, 
and thus remove a large proportion of the organic matter by 
fermentation ; and under some circumstances it must be 
remembered that the effluent from the septic tank will 
practically be a solution of sulphuretted hydrogen in sewage, 
and it will be necessary to subsequently precipitate with lime, 
or copperas, or a mixture of both, so as to prevent nuisance. 
The effluent from a septic tank, which smells, is probably 
best first treated on a contact bed. After this, the contact- 
bed effluent can be intermittently filtered through biological 
filters. 

Again, under special circumstances, it may be necessary to 
precipitate first, then pass the sewage through a contact 
bed, and, in the third place, through biological filters. But 
these are only special cases, where a considerable amount of 
manufacturers' wastes, containing large quantities of organic 
matter, are admitted into the sewers. 

Finally, for works above the intakes of a water company, 
after the sewage has been chemically purified by intermittent 
filtration, it is desirable that it should be bacteriologically 
purified by filtration through shallow filters of sand or 
fine silt. 

Where the land is unsuitable, unobtainable, or only to be 
obtained at a prohibitive price, and the sewage is of a domestic 
character, the easiest and best solution of the problem will be 
the employment of some form of bacterial process. 

What Bacterial Process should be adopted? — We have 
seen that open or closed septic tanks can be relied upon (i) To 
liquefy the solids in suspension, and (ii) at the same time 
reduce the organic polluting matter in the sewage. A 
further reduction, amounting to nearly 50 per cent, of the 
remaining polluting matter, can be effected by passing the 
sewage through a bacteria bed, which may be a lateral 
anaerobic bed as at Chesterfield, or a lateral contact bed as 
at Sutton (see Fig. 15). By these changes a sewage con- 
taining organic matter which would yield 1*0 part per 
100,000 of albuminoid ammonia, would first be so reduced 
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as to yield, say, 0*5, and then O'S. Finally, some 90 per cent, 
of purification of this last fluid can be effected by single 
percolating filters, or by double contact beds. 

The question arises, under what circumstances should one 
bacteriological process be adopted for the purification of the 
sewage of a district, and under what circumstances should 
another ? 

There are certain broad principles which may be stated, 
as they are somewhat of a guide in answering this question. 
Speaking generally, the greater the fall available, the more 
filtration (multiple, if necessary) should be relied upon. The 
less the fall, the larger the capacity of the septic tanks and 
the more contact beds, first lateral and then downward. 
The one exception to be remembered is, that where the 
sewage contains sulphates or brewery waste the septic tanks 
should be kept small, and reliance should be placed upon 
filtration, for, if the septic tanks are large, the septic tank 
ejffluent may occasion nuisance. 

I. In the first place, detritus tanks and screens should 
under all circumstances be employed. 

II. Next, it should be borne in mind that the more fall 
which can be obtained at the outfall works, the simpler the 
purification plant will be, the more thorough the process 
of aeration, and the easier the task of obtaining a good 
effluent. The outfall sewer should therefore be laid with just 
sufficient fall to make it self-cleansing. No fall should, 
however, be wasted. For this reason, it is always advisable, 
whenever it is possible, for the outfall sewer to be brought to 
the outfall works in an embankment as high above ground as 
convenient. 

III. Where there is a large amount of fall at the outfall 
works, say 20 or 80 feet, the sewage may be purified by 
multiple filtration with only a small septic tank, say one 
holding one-third of a day's flow, the effluent from the first 
bed being collected in a tipper or automatic flushing tank, 
and then distributed by perforated pipes or revolving arm 
over a second bed, and so on over a third, the first bed being 
a coarse one, and the subsequent filters gradually finer. 
The filters need only consist of heaps of clean clinker, etc., 
without retaining walls. 

IV. Where there is a moderate fall, a septic tank, say to 
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hold half the daily flow, and a lateral flow contact bed to hold 
one-third of a day's flow, in conjunction with percolating 
filters, is a scheme which will utilize a fall of about 10 feet to 
the greatest advantage. When less than 10 feet is available, 
the capacity of the liquefying portion of the plant (septic 
tanks and lateral contact bed) should be increased, so as to 
lessen the work to be done by the filters. 

V. When, however, there is extremely little fall, say only 
five feet, the maximum amount of purification that can be 
effected by the anaerobic bacteria should be aimed at. The 
septic tank itself requires no fall, a septic tank should there- 
fore be constructed capable of holding at least a day's flow. 
The effluent from the septic tank should also be passed 
through a lateral contact bed capable of holding half a day's 
flow. The sewage should be admitted to the lateral bed 
through a strainer of fine material. The effluent from the 
lateral contact bed might then be distributed by perforated 
pipes over a contact bed, the top layers of which for this 
purpose should be made of material from one-fourth to half- 
inch in size, the rest of the bed being of material between 
one-quarter and three-quarter inch in size. The effluent 
rising in the effluent chamber should be utilized to work 
the contact beds in rotation by some such mechanism as 
Cameron's or Adams'. 

It will be noticed that it is suggested that a lateral 
contact bed, such as that of Messrs. Adams shown in Figs. 
15, 16 (p. 100), and a contact bed proper are sufficient. The 
suggestion is made that the work of a contact bed can be 
increased by distributing the sewage over it intermittently, so 
that it acts as a percolating filter and a contact bed. In 
this case it should be understood that a sufficient area of 
contact bed must be provided to work with two fillings a day, 
and that the sewage should be intermittently distributed 
by perforated pipes over the whole surface of the contact bed. 
By such a scheme a satisfactory effluent could be produced, 
although only four or five feet of fall is available at the 
purification works, and by this means the expense of pumping 
could be avoided. If, however, the sewage contains brewery 
waste or the water supply sulphates, the septic tank effluent 
will probably become too offensive for such a scheme, and 
recourse must be had to pumping and a smaller septic tank. 
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VL Lastly, when it is necessary to pump the sewage, 
advantage should be taken of this fact to apply the sewage 
intermittently to the filters by starting and stopping the 
pumps or by working in shifts. To enable this to be done 
wherever the engineering aspect of the question permits, the 
sewage should be allowed to gravitate through the septic 
tank or anaerobic bed, both of which require a slow con- 
tinuous movement of the sewage, and it should not be 
pumped, unless it is for engineering reasons, until after it 
has been screened and liquefied. The motive power used for 
pumping may also be employed for spraying the sewage 
and making the intermissions in its application. If a 
Shone's ejector is employed to lift the sewage, it may also 
be used to spray the sewage over the filter, as is done at 
Chesterfield. This plan, however, is not admissible close to 
dwellings, or where the sewage is foul. 

In all cases, before the engineer prepares his plans of 
construction, the scientific principles upon which the sewage 
is to be purified should be settled, and if special difficulties 
are likely to arise owing to the nature of manufacturing 
wastes admitted to the sewers, these should be settled in 
consultation with a chemist and bacteriologist, who has had 
special experience in dealing with this question. It should 
be borne in mind that by consulting a chemist at the outset, 
before the engineer has completed his plans, considerable 
expenditure and much trouble afterwards may be saved. 



Afterword. — The foregoing pages have brought the 
subject of the purification of sewage up to date at the time 
of issue, so far as practical results are concerned. It is very 
probable that before long modern views of electricity will bear 
fruit in this field of labour, and that in the future the action 
of a biological filter will be intensified by supplying it with 
ozonized air, or air in which the molecules of oxygen have 
been rendered less stable by exposure to Eontgen rays, high 
potential discharges, or the influence of some radio-active 
substance. For the moment, interest is again centered in 
the mechanical aeration of percolating filters, the removal of 
the top layer of sand from which, and the introduction of 
mechanical distributors, have opened up great possibilities. 
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PAETICULAES OP SEWERAGE AND SEWAGE DIS- 
POSAL SCHEMES REQUIRED BY LOCAL GOVERN- 
MENT BOARD. 

Are any of the works outside the district, and have the pro- 
visions of the Public Health Act, 1875, been complied with ? 

Population to be served by the system. 

Estimated dry wet weather flow, per head. State on what data 
the estimates are based. 

Nature of sewage, (a) Domestic ? (6) Are w.c's in use ? 

Trade effluents. Give particulars. 

Are there any breweries ? Give number. 

Is the Separate system employed ? 

Are th6 pipes to be cement jointed ? What description of pipe ? 

Are there manholes at changes of direction in either plane ? 

Give gradient and diameter of any sewer which gives a less 
velocity, when flowing one-third full, of 3 feet per second. 

Will the manholes ventilate ? or are ventilating pipes to be used ? 
If so, give area and height. 

Have trial holes been dug on the line of pipe and site of works ? 

As to wayleaves. 

Storm overflows, particulars of. What will be the dilution of 
the sewage when they come into action ? Show them on the plan 
within a l^-inch circle in red. 

Means of flushing. Give contents of such tanks proposed, and 
state whether self-acting. 

Is coal or other mining carried ou in the neighbourhood ? 

What is the water-supply per head ? What is the nature of 
supply and situation of sources ? 



Disposal Area. 

Is the scheme one of gravitation or pumpinj^ ? If the scheme is 
one of pumping, give load to be overcome, distinguishing friction of 
rising main and brake horse-power (in duplicate) to be provided. 

Have provisional agreements been entered into for the acquisi- 
tion of the land ? 

Have trial holes, 6 feet deep, been sunk on the land, and what 
do they disclose ? Give sections. State level of subsoil water. 

What is the area available for irrigation — by gravitation, by 
pumping ? 

What is the total area ? 

Cubic capacity of precipitation or bacteria tanks. Do they work 
continuously ? 

Are chemicals to be used ? 

Is the sludge to be pressed ? If so, what becomes of the ex- 
pressed liquid ? 
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Is broad irrigation or filtration through land to be employed ? 

Population per acre. 

Are artificial filters or contact beds to be used ? Do they work 
continuously ? If not, give a statement showing the periods of 
working and rest. 

Show the cycle of working, thus — 

Filling, hours ; standing, hours ; emptying, hours ; 

resting, hours. 

Grive their number and dimensions, also proposed rate of filtra- 
tion per square yard of surface area. Further, give cubic capacity 
for filtering material and content (for sewage) of the same, taking 
this at a third gross content of filter structure below surface of 
filtering material. Are they to be worked by night as well as day ? 

Give area of roughing filter for three D.W.F., or of land set 
apart for this storm water, and show the position on plan. 

Is subsoil drainage proposed '^ If so, give particulars. 

Are there any waterworks, collecting areas, or pumping stations 
within five miles of disposing ground. Give particulars, with geo- 
logical section, if within five miles. 



Levels. N.B. — All to be rbducei) to Ordnance Datum. 

What is the level of invert of outfall sewer at disposal works ? 

Of surface level in precipitation tank ? 

Of outlet from the same ? 

Of bottom of the same ? 

At outlet into land carrier ? 

At inlet to artificial filters ? 

Outlet from the same ? 

Give the highest and lowest level of land to be used for disposal. 

Level of invert of effluent drain. 

Of normal water-level (summer months) in stream. 

Of flood-level ditto. 

Is the land subject to flooding ? (a) To what extent ? (6) Show 
limit on plan, (c) Give level of highest known flood. 

A general key-plan 6 -inch ordnance is required, and this must 
be mounted on linen to fold in sections about foolscap size. 



USEFUL DATA. 

1 inch over an acre = 101 tons, or 22,623 gallons. 

100 gallons to a square yard is 484,000 gallons, or, approximately, 
half a million gallons per acre. 

15' 68 grains per gallon = 1 ton to a million gallons. 



CIRCULAR FILTERS. 
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Data with regard to Circular Filters, etc. 







* Area in 








* Area in 




Diameter 
in feet. 


Area of 
circle in 
sq. feet. 


feet added 
for each 

additional 
6-in. of 
radius. 


Area of 

circle in 

sq. yards. 


Diameter 
in feet. 


Area of 
circle In 
sq. feet. 


feet added 
for each 

additional 
6-in. of 
radios. 


Area of 

circle in 

sq. yards. 


1 


0-785 


^__ 




51 


2043 


80 


227 


2 


3 


2 




52 


2124 


81 


236 


3 


. 7 


4 


•— 


53 


2206 


82 


245 


4 


12 


5 


1 


54 


2290 


84 


254 


5 


19 


7 


2 


55 


2376 


86 


264 


6 


28 


9 


3 


56 


2463 


87 


273 


7 


38 


10 


4 


57 


2552 


89 


283 


8 


50 


12 


5 


58 


2642 


90 


293 


9 


63 


13 


7 


59 


2734 


92 


303 


10 


78 


15 


8 


60 


2827 


^ 93 


314 


11 


95 


17 


10 


61 


2922 


95 


324 


12 


113 


18 


12 


62 


3019 


97 


335 


18 


132 


19 


14 


63 


3117 


98 


345 


14 


153 


21 


17 


64 


3217 


100 


357 


15 


176 


23 


19 


65 


3318 


101 


368 


16 


201 


25 


22 


66 


3421 


103 


380 


17 


227 


26 


25 


67 


3525 


104 


391 


18 


254 


27 


28 


68 


3631 


106 


403 


19 


283 


29 


31 


69 


3739 


108 


415 


20 


314 


31 


34 


70 


38i8 


109 


427 


21 


346 


32 


38 


71 


3959 


111 


439 


22 


380 


84 


42 


72 


4071 


112 


452 


23 


415 


35 


46 


78 


4185 


114 


465 


24 


452 


37 


50 


74 


4301 


116 


477 


25 


490 


38 


54 


75 


4418 


117 


490 


26 


531 


40 


59 


76 


4537 


119 


504 


27 


572 


41 


63 


77 


4657 


120 


517 


28 


615 


43 


68 


78 


4778 


121 


530 


29 


660 


45 


73 


79 


4902 


124 


544 


30 


706 


46 


78 


80 


5027 


125 


558 


31 


754 


48 


83 


81 


5153 


126 


572 


32 


804 


50 


89 


82 


5281 


128 


586 


33 


855 


51 


95 


83 


5410 


129 


601 


34 


907 


52 


100 


84 


5541 


131 


615 


35 


962 


55 


106 


85 


5674 


133 


680 


36 


1018 


56 


113 


86 


5808 


134 


645 


37 


1075 


57 


119 


87 


5944 


136 


660 


38 


1134 


59 


125 


88 


6082 


138 


675 


39 


1194 


60 


131 


89 


6221 


139 


691 


40 


1256 


62 


139 


90 


6361 


140 


706 


41 


1320 


64 


146 


91 


6503 


142 


722 


42 


1385 


65 


153 


92 


6647 


144 


738 


43 


1452 


67 


161 


93 


6792 


145 


754 


44 


1520 


68 


169 


94 


6939 


147 


771 


45 


1590 


70 


176 


95 


7088 


149 


787 


46 


1662 


72 


184 


96 


7238 


150 


804 


47 


1735 


73 


192 


97 


7389 


151 


821 


48 


1809 


74 


201 


98 


7542 


153 


838 


49 


1886 


77 


209 


99 


7697 


155 


855 


50 


1963 


77 


218 


100 


7854 


157 


872 



N.B. — As an approximate rule, it may be taken that the square of the 
diameter of a pipe or tank of circular section, measured in inches, gives ten 
times the number of gallons in a lineal yard. 



♦ The volume of sewage distributed through each 6" of a revolving arm 
should be proportionate to the figures in the columns marked *. 
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APPENDIX ON 

THE ANALYSIS OF SEWAGE AND 
SEWAGE EFFLUENTS. 



CHAPTER I. 

THE APPARATUS REQUIRED FOR SEWAGE ANALYSIS. 

The following pages are designed for the use of medical officers of 
health, engineers, and others engaged in the purification of sewage. 

A large number, of labour-saving devices have been taken advan- 
tage of, and the apparatus has been specially designed to take up 
little room, so that an accurate and complete examination of a sewage 
or sewage effluent can be made if there is gas and a supply of good 
water available, the whole of the apparatus when in use only occupying 
a table space of about 3 feet by 2.* 

A Good Balance with Weights on the Metric System. 

1. A suitable balance is Becker's No. 28a, which will be found 
extremely useful for all purposes (Fig. 1). The balance is fitted into 
a glass case with a sliding door. When the solid matters are estimated 
it must be done rapidly, and in a closed balance, as this solid matter is 
frequently extremely deliquescent. On this account it is advisable to 
keep in the balance case a small beaker about a quarter full of strong 
sulphuric acid in which a piece of pumice-stone is floating ; the acid 
absorbs the moisture from the air, thereby conducing to much 
greater accuracy in weighing. Instead of sulphuric acid a few small 
pieces of freshly-burnt quicklime may be used ; but this will require 
renewing more frequently than the acid. 

The balance must be fixed on a piece of plate-glass or slate, in a 
firm position, where it will be free from vibration and rapid changes 
of temperature. By means of the screws it must be set in a hori- 
zontal position so that the indicator needle stands at zero. If after 
thoroughly dusting and levelling the balance the pointer does not 
stop at 0, it can be brought there by carefully adjusting the small 
brass nut on the end of the right-hand limb of the balance beam. 

Before weighing anything it is necessary to see that the pans are 

* The special apparatus described has been made for me by Messrs. Southall 
Bros, and Barclay, of Birmingham. 
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free from dust. The central screw should be turned to the left ao 
as to release the beam, and the little knob to the left of the central 
screw gently pressed to release the two pans, when if the needle 
points to zero the balance is read; for weighing. 



Pio. 1,— Tbe Balance. 



The Weights. 



2. The weights, with a pair of brass forceps for lifting them, are 
contained in a small box, and have the following values :— 



Flatinuni :— 

0*5 Rramiae 2 gramine 
(BW nillH«r«"mM). (SOO mlLLigriinr 



la giamm 



O'l gramme 0-1 gramme 

i). (lOD mlUlgTuniDeB). (lOO mlLIIgnmi 

gramme 001 gramme 001 gramm 

iTlgnmmes). (lO mllllgHmmes). (I« mllllgnunc 



They are arranged in the 
box as follows, and should 
always be immediately replaced 
in their proper places in the 
box when not in use on the 
pan of tie balance :— 



1 50 


20 


>» 


10 


1 S 


2 


1 


I 


• ».5 


0-2 


,H 


01 


.0, 


Olf> 


0-01 


001 



ii: iiiii'i ■!'!'■ KV'li Nil/ 
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The jnilligramiiies themselves (/.«., 0*001 to 0*009 gramme) are 
determined by the position of the rider (Fig. 2) on the right-hand 
beam of the balance. 

As soon as the correct weight is ascer- a 

tained, it should be entered at once in a V 

small note-book which should be kept in the 
drawer of the balance with the weights, the 
weighing being checked by the removal to the 
weights from the pan of the balance of their 
proper places in the weight-box. Fig. 2.— The Rider. 



The Dish for the Estimation of the Total Solids. 

3. Platinum dishes being so expensive, the use of a nickel dish is 
recommended for the estimation of the total solids, the only draw- 
back to the use of nickel being that it cannot be heated over a 
Bunsen flame as a platinum dish can, and greater care must be 
exercised in cleaning it. To clean, it should be soaked in a 1 per 
cent, solution of hydrochloric acid for a few minutes, and then be 
rubbed bright witn the finest Calais sand. The acid must not be 
stronger than 1 per cent., or it will attack the nickel. The dish 
should be rinsed out with clean water, dried with a clean cloth, and 
heated to 100° C. in a steam-oven, or on a water-bath. The dish 
should then be rapidly wiped and placed in the desiccator to cool 
over sulphuric acid. 

When cool, it is to be placed on the left-hand pan of the balance, 
and weighed as rapidly as possible, and the tare weight entered at 
once in the weighing-book. 

It will be found that after each cleansing the dish gets one or two 
milligrammes lighter, but with careful use the loss should not be 
greater than this. 

After estimating the total solids in a sample, the dish should be 
cleaned, dried, and weighed, and kept in the desiccator ready for use. 



The Water-bath. 

4. The solid matter in a sewage is determined by evaporating a 
known quantity to dryness over a water-bath. 

One of the handiest arrangements for the estimation of total 
solids is a combined water-bath and steam-oven (Fig. 3). This 
water-bath has holes for two dishes. If it is desired to use the 
apparatus for only one dish, the other hole may be filled with an 
inverted bottle of water, which will replenish the bath as the water 
is evaporated away. The bottle should be corked by a perforated 
cork, pierced by a piece of glass tubing about the diameter of a lead 
pencil, which projects to about the level of the middle of the water- 
bath (see Fig. 3). 
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The Steam-oven. 

5. After the sewage in the nickel dish has been evaporated down to 
dryness, the dish should 
be wiped thoroughly 
clean oa the ontside, 
and then dried for half 
an hour iu a water- 
oven. The apparatus 
described above, and 
illustrated in Fig. 3, is 
provided with a small 
drawer. This drawer 
is made to accommo- 
date a 100 c.c. nickel 
dish. It is heated at 
the same time as the 
bath, and can be used 
as an oven, thereby 
saving heat and time. 
When the solid matter 
in the nickel dish has 
been thoroughly dried 
in the steam-oven, the 
drawer is taken out by 
means of a pair of cru- 
cible tongs, and carried 
on a duster to the desic- 
cator, the nickel dish 
, being at once removed, 

while hot, to the desic- 
cator. 
Unless such a bath is used, it will be necessary to be provided 
with a separate steam-oven. 



The Desiccator. 

6. As many of the salts left on evaporating a sewage to dryness • 

are of a highly hygroscopic character, the nickel dish should, on 

removal from the steam-oven, be at once put to 

cool in an air-tight desiccator. This ia a glass 

vessel (Fig. 4) constricted at its middle, the 

bottom compartment containing strong sulphuric 

acid, and several pieces of pumice-stone. The 

nickel dish rests on a pipe-clay triangle, oa 

a piece of perforated zinc, which forms the 

Fig. 4.— Desiccator, bottom of the Upper chamber of the desiccator 

as shown in Fig. \. The lid of the desiccator 

must be kept greased with vaseline. 
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The Condenser for Distillation. 

7. As a large quantity of ammonia-free distilled water ib Indig- 
pensable for the general purpoaeB of analysis, an apparatus for 



f DieriLLRD Watkb. 



making it is advisable, although ancli water can be purchased, in 
glasB-atoppered Winchester quart bottles, from the leading chemists. 
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It is possible to use the same type of condenser as is employed in the 
process of estimating the free and albuminoid ammonia in a sewage, 
but another condenser should be obtained, and used only for the 
production of ammonia-free distilled water. 

The condenser devised by the author (Fig. 5) occupies very little 
space, and consists of a block-tin pipe, soldered within a copper 
pipe, water being circulated up between the two pipes. To make 
ammonia-free distilled water, a tin can is fitted with a semi-circular 
block-tin pipe, and is filled with 1,500 c.c. of good tap or spring 
water. A cork is fitted into the filling hole, and the tin pipe is 
fitted to the condenser. The can is then rested on a tripod, with a 
Bunsen burner underneath, and a stream of water passed upwards 
through the condenser. The distilled water is collected, and to 
successive 50 c.c. of it 2 c.c. of Nessler's test are added until no 
discoloration takes place, showing that the water is ammonia-free. 
"With good tap waters this will be the case when 200 c.c. have been 
distilled off. The distillate is to be rejected until it shows absolutely 
no trace of ammonia. The distillation should be continued until a 
litre (1,000 c.c.) of ammonia-free water has been collected. In any 
case the distillation should not be continued after 1,200 c.c. of the 
original 1,500 c.c. have been distilled off, or the still may be 
injured. 

Where a good public water-supply is available, it will frequently 
happen that the ammonia-free water may be obtained even in the 
first portion of the distillate. When this is the case, water may be 
supplied to the tin can continuously to replace the water distilled 
over, either by allowing water to drop into the hole at which the tin 
can is filled, or bv the same arrangement by which it is suggested 
that the water-bath should be filled, namely, by inverting a bottle of 
water and feeding through the filling hole (see Fig. 6). 

As soon as the water in the still falls below the level of the 
bottom of the glass tube through the cork, a bubble of air will be 
admitted into the bottle, and a small quantity of water will run into 
the still. 

Before using the condenser for the preparation of ammonia-free 
distilled water, it should be washed out with good tap water, and 
after use the ends should be plugged with corks or cotton-wool to 
keep out the dust. The tin can should then be treated in the same 
manner. 

Where large quantities of distilled water are required Kent's stills 
will be found very convenient. 



The Apparatus for the Albuminoid Ammonia Process. 

8. The old way of conducting this process was extremely trouble- 
some, but with the aid of the apparatus here described it can be 
completed in about half an hour. The use of a retort is dispensed 
with ; it is no longer necessary to remove the flame at the end of 
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the first part of the process, and consequently the risk of breakage 
is reduced to a minimiun. In addition to thia, the apparatus is 



FiQ. 6, — AuTOHATio Feed op DiBTiLUKa Afpabatus. 

exceedingly cheap, the only part which is breakable costing one 
sliilling. 

The condenser used (Fig, 7) is of the same pattern as that em- 
ployed for making the distilled water. Instead of a retort in which 
to distil the water to be analyzed, a wide-necked Florence flask is 
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used, holding about 40 onncea. This is fitted with & good donbly- 
petforated iudia-mbber bong. Before use the bang is boiled in a 
solation of caustic soda, to rid it of all traces of ammonia. 

Through one perforation is fitted a piece of curved block-tin 
piping, the other end of which is made to taper so as to fit into the 



F|a. 7. — AppABATDa fob Auuonia Pbooesb. 

tin pipe of the condenser. The second perforation is intended for a 
thistle fannel, into which is fitted a tapering glass rod.* The thistle 
funnel, as will be explained later, permits the alkaline permanganate 
solution to be poured into tfae flask after tbe free ammonia is diBbUled 
o£F, without it being necessary to turn down the fiame, or to remove 
* Fig. 7 does not show the glass rod plugging the thistle fnniiel. 
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the bung io the flask. The end of the thistle funnel should be 
partly sealed to make the permanganate run in a small, steady 



Nesslerizing Glasses. 

9. At least half a dozen 100 c.c. Neasler glaflsea are necessary. It 
will be found a great convenience to have one of these graduated in 
five parts, and tenths of a part, to be used for the standard solution 
of ammonia. Four of the Nessler glasses should be numbered con- 
secutively, and risk of error will be reduced to a minimum by using 
them on the Nesslerizing stand, shown in Fig. 8. The NesslOT 
glasses 1 and 2 are for collecting the free ammonia if itis to be esti- 
mated ; numbers S and 4 are for coUectii^ the albuminoid ammonia ; 
the graduated tube is for making the standard solution, and the re- 
maining tube is for making an ^ditional tube of standard solution, 



Fio. 8, — Nbssleb Tube Stand. 

or for collecting more free ammooia if it does not all come off in the 
first 200 C.C. of distillate. 

In the illustration the tubes are shown resting on the bottom of 
the stand iustead of in the tapering holes above the opal glass. 
The bottom of the stand is covered with opal glass, so that the 
depth of the colour may be easily seen by looking down into it 
through the cylinder. When the tubes are not in use they should 
be swilled out with clean water and kept inverted on the stand. 



Measuring Flasks and Cylinders, etc, 

A large (2 litre) porcelain or enamelled iron dish is required for 
making the alkaline permanganate solution used for the albuminoid 
ammonia process. 

10. A measuring glass with a lip, and marked at 50 c.c, is 
required to pour the 50 c.c. of the alkaline permanganate through 
the thistle funnel into the distillation flask after all the free ammonia 
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haB_ been given off, in order to disengage the albuminoid a. 

This measure should have a finn bottom, and ponr ateadily. 

A 100 C.C. measuring flask ia re- 
quired for measuring the quantity of 
effluent wanted for distillation, a 25 
c.e. flask for the quantity of sewage 
taken for this purpose, and a 600 c.c. 
flask for measuring the distilled water. 
By always taking the same qnaur 
tity in the same flask tor the various 
processes, the method of analysis be- 
comes automatic, and accuracy is en- 
sured. 



Burettes and a Burette-stand. 

Burettes, to contain standard 
nitrate of silver for estimating the 
chlorine and another for the oxygen 
consumed, are also necessary. When a 
burette has been finished with, the 
remaining standard solution may be run 
off into the stock-bottle. The burette 
should then be drained dry, plugged 
with cotton-wool to keep out dust, 
inverted on the burette-stand, and kept 
in this position with the tap open. 
Before use a small quantity of the 
standard solntion should be run through 
the tap, and before each estimation the 
burette should be filled, so that the 
bottom of the curved surface of the 
standard solution stands accurately 
atO. 

A metal burette-stand is recom- 
mended, as it is firmer than a wooden 
one (see Fig. 9). 

A smaller burette may also be 
required for containing deci-nonnal 
hydrochloric or sulphuric acid, or deci- 
normal sodium carbonate, for estimating 

Fw. sT-Metal BTOETTE-mND the alkalinity Or acidityof the sewBgc. 

AND Bronre. A 200 c.c. porcelain diah is required 

for the estimation (by the nitrate of 

silver solution) of the chlorine as chlorides. 
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Pipettes. 

A 5 G.c. graduated pipette for measuring the standaTd solation 
of ammonia is ased, and sUould be kept as far as poaaible for 
tbie use. 

Pipettes to deliver 10 c.e. are used to measure the quantity of 
efBuent required for the estimation of nitrates, and also for measuring 
the solutions in the oxygen-absorption process, and in the former 
process a 1 c.c. pipette to deliver 1 c.c. ia also used to measure the 
phenol-sulphuric acid. 

Other Apparatus. 

11. For the estimation of the nitrogen as nitrates, three small 
2i'> c.c. beakers are necessary for evaporating to dryness on the water- 
bath the 10 c.c. of water nsed iu 
this process. The beakers should 
he scratched 1, 2, and 3 with a 
diamond, or be marked — — u 
with a file, so that no mistake can 
arise vheu two beakers and a stan- 
dard are being evaporated to dryness 
at the same time. 

In addition to the above appli- 
ances, the following apparatus is 
also necessary :— 

Two funnels — a lai^e (6 -inch) 
funnel for filling the distillation 
flask for the ammonia process, and a 
small (3-inch) funnel for making 
the standard solntious. 

Several watch-glasses — la^eand 
small. 

Two or more of Fletcher's safety 
Biinsen burners. 

One or more iron tripods. 

A pair of crucible tongs. 

A packet of 3-inch Swedish filter- 
papers. Fio, 10.— Incdbatob. 

Several lengths of glass tubing. 

A few pieces of glass rod. 

Several 4-ounce stoppered bottles for incubating 100 c.c. of the 
effluent — for the incubator test. 

An incubator .is also necessary for this test ; either Hearson's or 
a cheaper one, as shown in Pig. 10, will do. 



CHAPTER II. 

STANDARD SOLUTIONS USED IN AND METHODS OF 

SEWAGE ANALYSIS. 

12. All the standard solutions required may be purchased ready 
for use from the leading chemists. Of course it is desirable to know 
how to make these solutions, and with the apparatus described in 
the previous chapter they may be prepared quite accurately. 
Ammonia-free water is an essential for this purpose. If a good 
public water-supply which easily yields ammonia-free water is not 
obtainable, it will be necessary to purchase ammonia-free water, and 
this should always be at once tested with Nessler's test (sec. 19 V). 
If it gives the slightest discoloration it should be returned. 

It should be clearly understood that every dish, tube, and 
flask must be absolutely clean before use. This is a simple matter 
when there is a good public water-supply ; where, however, the 
public supply is of indifferent quality, it will be necessary to rinse 
everything out with distilled water after it has been washed with tap 
water. 

The sewage for analysis should be collected in a glass-stoppered 
bottle ; a Corbyn quart is sutRcient. The date of collection and 
particulars of the rainfall should be noted at the time. 

The results of analysis are most easily expressed in parts per 
100,000, but as there are 70,000 grains to the gallon, the results may 
afterwards be expressed as grains per gallon by decreasing them in 
the proportion of 10 to 7 — that is to say, by dividing by 10 and 
multiplying by 7. See Table IV., p. 215. 

When all particulars are required, the order of work in the 
analysis of the sewage should be somewhat as follows : — 

First enter particulars of source of sewage, etc., in the analysis- 
book, noting the appearance of the sample, the amount of suspended 
matter, and any smell. The sample should be shaken up, the result 
of the shake test noted, and the depth of the colour required to 
obliterate Pearl type (see p. 18). It must be clearly understood 
that the sample should be analyzed as soon as practicable after 
collection, and the actual analysis should then take place in the 
following order, so as to take up a minimum amount of time : — 

i. For the Total Solids. — If required, start 100 c.c. to evaporate 

down to dryness on the water-bath, 
ii. For the Free and Albuminoid Ammonia. — Start the distillation 
of 25 c.c. of a sewage or 100 c.c. of a sewage effluent in 
500 c.c. of distilled water. 
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iii. For the Estimation of Nitrates. — Set 10 c.c. of the effluent 
and 10 c.c. of the standard nitrate solution to evaporate 
nearly to dryness by placing the two beakers on the top of 
the water-bath. 

iv. Estimate the Chlorine as chlorides in 100 c.c. of the sewage, 

V. Finish the Estimation of the Free and Albuminoid Ammonia, 

vi. Finish the Estimation of Ihe Nitrates, 

vii. Estimate the Oxygen absorbed in three minutes, and fill a 
4 oz. bottle full of the sample in the incubator to incubate 
for one week at 80° F. 
viii. Estimate the Alkalinity with Methyl Orange and Decinormal 
Sulphuric Acid. 



Total Solids. 

13. Having thoroughly cleansed, dried, and made a note of the 
tare weight of the nickel dish as described (sec. 3), put it on the 
water-bath and light the gas. Shake the sample of sewage up and 
measure 100 c.c. in the measuring-flask ; pour this carefully into the 
nickel dish, and leave it on the water-batn until dry ; then remove 
it with a pair of crucible tongs, wipe the outside of the dish so that 
no dirt from the water-bath adheres to it,* transfer it to the steam- 
oven and leave it for half an hour. It must then be set aside to 
cool in the desiccator. The dish and its contents must be weighed 
as rapidly as possible. 

Ordinary sewage will contain about 140 parts per 100,000 — that 
is, will contain about 0*14 gramme in the 100 c.c. 

The gross weight should then be entered in the weighing-book, 
with the number of the sample, over the top of the tare weight of 
the dish, which is then to be subtracted thus : 

1899. March 25th. Sample No. 250, Average Sewage. 

Grammes. 
Besidae from 100 c.c. of sewage taken and dish weigh ... 35*071 
Tare weight of dish .. . ... ... ... ... 84*931 



0-140 



That is to say, the sewage contains — 

0*14 gramme in . 100 cc, or 
1'4 gramme in 1,000 c.c., or 
14*0 grammes in 10,000 c.c, or 
1400 grammes in 100,000 c.c. 
That is, 140 parts of solid matter in the 100,000. 

It is not necessary to write every calculation out in this way. It 
will be sufficient to remember that when 100 c.c. of sewage arc taken 
the number of milligrammes gives the parts per 100,000. If the 
result be wanted in grains per gallon, multiply the result obtained by 
7 and divide by 10, or see Table IV., p. 215. 

If it be required to know the solids in suspension, first estimate 

* This is practically prevented by using a porcelain ring on the water-bath. 
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the solids in 200 c.c. of the sewage, by adding 100 c.c. to the dish in 
which the first 100 c.c. have been evaporated down ; the weight 
given by the 200 c.c. should be double that of the 100. Then 
filter the sewage through filter-paper, and estimate the solids in 
200 c.c. of the filtrate. The ditference between the two weights 
will be due to the weight of the suspended solids in 200 c.c. of the 
sewage. 



14. Estimation of the Free and Albuminoid Ammonia. 

{a) Standard Solution of Ammonia. — Dissolve 3*150 grammes of 
ammonium chloride in 1 litre of water. Label : STRONa Ammonium 
Chloride Solution. 

Pipette of 5 c.c. of this strong solution (when it is completely 
dissolved and properly mixed) into the 500 c.c. measuring flask, and 
make up to 500 c.c. with ammonia-free water. Label : Standard 
Ammonia Solution (1 c.c. = 0*00001 gramme of Ammonia). 

(Ji) NessUr^s Solution. — Dissolve 62*5 grammes of iodide of 
potash in 235 c.c. of distilled water ; put 1 c.c. of this solution aside. 
Make a cold saturated solution of corrosive sublimate by dissolving 
85 grammes of powdered perchloride of mercury in GOO c.c. of warm 
distilled water. When this is cold add it gradually to the iodide 
solution until a slight precipitate appears. The precipitate should 
then be redissolved by adding as little as possible of the 1 c.c. of 
iodide of potash solution set aside. Add 150 grammes (5*29 oz.) 
of caustic potash dissolved in 150 c.c. of water. This will make about 
a litre of Nessler's test. Set aside in a bottle fitted with a tubber 
bung, and decant off the clear portion for use. Label : Nessler's 
Solution. 

(c) Alkaline Permanganate Solution for Albuminoid Ammonia. — 
Dissolve in the large porcelain dish 7 ounces of caustic potash sticks 
in 1,100 c.c. of ammonia-free distilled water ; add 8 grammes of pure 
permanganate of potash and boil down to 1,000 c.c. If 50 c.c. 
distilled with 250 c.c. of ammonia-free water yield no ammonia, the 
solution is accurately prepared. If it yields ammonia it requires 
further boiling to drive oil* the ammonia. Care should be exercised 
that no dirt falls into the dish. The best way to measure the 7 
ounces is to counterpoise the big dish on a good pair of scales, and 
then take out the sticks of potash with a clean pair of forceps which 
have been heated in a Bunsen burner, transferring the sticks of 
potash to the dish until 7 ounces is turned. Label : Alkalii^te 
Permanganate Solution.* 

Having cleansed the distillation-flask with a little hydrochloric 
acid, it should be well rinsed out to get rid of all acid. Measure out 
25 c.c. of the sewage with a pipette or 100 c.c. of the effluent with a 
measuring-glass, and pour carefully through the larger funnel into the 

* The caustic potash is sold in 1-pound bottles. The remaining 9 ounces 
should be at once transferred to a large, wide-mouthed glass-stoppered bottle, as 
it does not keep in the corked bottles after they have once been opened. 
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distillation-flask, and make up to 500 c.c. with ammonia-free distilled 
water. Wash the thistle funnel and tin pipe by passing clean water 
through them, or by letting the tap-water flow through. Then 
clean the tin pipe of the condenser in a similar way. 

The distillation-flask is then to have its bung, which should be 
rinsed clean, inserted into it ; then its tin pipe is to be fitted into the 
block-tin pipe of the condenser, and the flask is to be clamped iuto 
position, the condenser being flxed at such a height that the lower 
end of it permits the Nessler glasses in their stand going under it. 
If the sewage is acid, it should be rendered alkaline by a little freshly 
burnt carbonate of soda crystals dissolved in ammonia-free water. 
All now being ready, the water is turned on through the condenser, 
the Nessler tube marked 1 brought under the block-tin pipe of the 
condenser, and the lighted safety Bunsen burner brought direct 
under the flask. To prevent the flask breaking, two precautions 
must be taken : first, the outside is to be wiped dry before applying 
the naked flame ; second, the flame must never be allowed to play 
upon any part of the flask above the level of the water, therefore at 
the end of the process, when there are only about 100 c.c. left in the 
flask, the flame must be lowered. 

As soon as tube No. 1 is full up to the 100 c.c. mark, the stand 
should be moved along for the condenser to deliver into tube 2. As 
soon as this is full, 2 c.c. of Nessler's solution should be dropped into 
it and the stand moved on to the blank tube. If tube No. 2 gives 
no yellow tint, all the free ammonia has come off in the first tube, 
and the 50 c.c. alkalite permanganate may be poured in. If tube 2 
shows a trace of ammonia, the blank tube must be allowed to collect 
about 50 C.C. more, that is, to be half filled, and to this 2 c.c. of 
Nessler's test are to be added. If the test shows that ammonia is 
still being given off, this must be poured into a fiask, and more 
collected, until all the ammonia has come off. 

As soon as no colour is given with the Nessler test, 50 c.c. of the 
alkaline permanganate are to be measured in the clean measuring 
glass, and poured gently through the thistle funnel into the dis- 
tillation flask, tube No. 3 having been previously placed under the 
condenser to collect the albuminoid ammonia. As soon as tube 3 is 
full, tube 4 is to be brought under, and as soon as this is half full it 
is to be Nesslerized. If it contain no anmionia, as shown by there 
being no colour on the addition of the Nessler's test, the gas may be 
turned off, as the process is complete ; if it does contain ammonia, 
more distillate is to be collected in the spare tube, the contents of 
which, if they contain any free ammonia, are to be first transferred to 
a flask for estimation afterwards. As a rule, working with the 
quantities suggested, all the free ammonia comes off in the first 
200 c.c. if the sewage is rendered alkaline by carbonate of soda, and 
all the albuminoid ammonia in the first 150 c.c, after the alkaline 
permanganate has been added. If more than 250 are distilled off 
for the free ammonia and more than 200 for the albuminoid 
ammonia, the fiame must be lowered so that it does not play upon 
the glass above the water level, and, if necessary, 50 or 100 c.c. of 
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ammonia-free water should be poured through the thistle funnel so 
that the distillation may be continued further. 

As a rule, there is no necessity for collecting and estimating the 
free ammonia. 200 c.c. may be distilled over into a 200 c.c. flask, 
put aside, and a 50 c.c. glass put under the pipe. When full it is 
tested with Nessler, and if a reaction is got it is thrown away and 
another 50 c.c. collected, which is tested in a similar manner. If there 
is no reaction with Nessler^s reagent, then the alkaline perman- 
ganate is added to the Florence flask, and the albuminoid ammonia 
collected in 2 one-hundred Nessler glasses and subsequently estimated. 

When the free and albuminoid ammonia are all off, each tube has 
to be Nesslerized, and the depth of colour has to be matched with 
standard ammonia. This is done in the following manner : 2 c.c. of 
Nessler's test are dropped into each tube, which should be allowed to 
stand for two minutes. With a little experience an approximate idea 
will be obtained as to the probable amount of standard ammonia 
solution required to match the depth of colour. Suppose it is 
decided to try 5 c.c, this quantity of the weak standard ammonia 
solution is pipetted into the graduated Nessler glass ; this is then 
diluted with ammonia-free distilled water up to about 90 c.c, then 
2 c.c. of Nessler are added, and it is made up to the 100 c.c. mark 
with ammonia-free distilled water ; this tube, which we shall call the 
"standard 5," is then left for two minutes. 

If tube 1 is lighter, the standard solution should be poured into 
the graduated cylinder (sec. 11) until the shades match, and the 
quantity of the standard left is to be read oif. If 80 c.c. of the 
100 c.c. are required to match the tint, tube 1 is equal to -^^xi of 
standard 5 c.c — that is, standard 4 c.c. and tube No. 1 wDl contain 
0*00004 gramme of ammonia ; then tube 2 must be estimated in the 
same manner. If the tube 1 is darker than standard 5, it should be 
diluted with tube 2 and the two tubes then be estimated. If they 
are still too dark, as is usually the case with sewage, they can be 
poured into a 200 c.c flask and thoroughly mixed, and the quantity 
is measured, which gives the same shade as the standard 5, from 
which the whole of the free ammonia in the 200 c.c can be estimated. 
Thus, suppose 20 c.c of the 200 c.c. equal the standard 5, a simple 
proportion sum shows the whole to equal a standard 50. 

The first thing, therefore, is to ascertain what amount of standard 
solution the free ammonia is equal to : call this x ; then, knowing 
that 1 c.c. of standard solution equals O'OOOOl gramme of ammonia, 
the free ammonia in the 25 c.c. sewage equals O'OOOOl multiplied by x 
grammes. 

To save time, the following table can be used, giving the ammonia 
in parts per 100,000 for each c.c of standard solution used, when 
100 c.c, or 25 c.c of the effluent or sewage are taken for analysis : — 
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TABLE I. 






Giving the Ammonia in 


Parts per 100,000 for ] 


BACH C.C. OP Standard 


• 




Ammonia used. 




^ <i 




1 


s 3 




timetres 
ammonl 
(1 c.c. 
uofNH 


NH3 IK FABT8 FBR 100,000. 


® II 


NHs IN FABTS FEB 100,000. 










Cubic cen 

of standard 

solution 

= 00001 grn 


Sewage 

effluents: 

100 c.c. 

taken. 


Sewages : 
26 c.c. 
taken. 


Sewage 
effluents : 

100 C.C. 

taken. 


Sewages : 
25 C.C. 
taken. 


10 


0-01 


004 


11-0 


0-11 


0-44 


1-25 


0-0125 


0-05 


11-5 


0115 


046 


1-5 


0-015 


006 


12-0 


012 


0-48 


1-75 


0-0175 


007 


12-5 


0125 


0-,50 


2-0 


0-02 


008 


130 


0-13 


0-52 


2-25 


0-0225 


009 


13-5 


0135 


0-54 


2-5 


0025 


0-10 


140 


0-14 


0-56 


2*75 


0-0275 


Oil 


14-5 


0145 


0-58 


SO 


003 


0-12 


150 


015 


0-60 


3-25 


00325 


0-13 


155 


0155 


0-62 


3-5 


0-035 


0-14 


160 


016 


0-64 


3-75 


00375 


015 


16-5 


0165 


0-66 


4-0 


0-04 


0-16 


17-0 


017 


0-68 


4-25 


00425 


0-17 


17-5 


0175 


0-70 


4-5 


0045 


018 


180 


018 


0-72 


4-75 


00475 


019 


18-5 


0185 


0-74 


5-0 


0-05 


0-20 


19-0 


019 


0-76 


5-25 


00525 


0-21 


19-5 


0195 


0-78 


5-5 


0-055 


0-22 


200 


0-20 


0-80 


5-75 


0-0575 


0-23 


21-0 


0-21 


0-84 


60 


006 


0-24 


220 


0-22 


0-88 


6-25 


00625 


0-25 


23-0 


0-23 


0-92 


6-5 


0-065 


0-26 


24-0 


0-24 


0-96 


6-75 


00675 


0-27 


25-0 


0-25 


100 


70 


007 


0-28 


26-0 


0-26 


1-04 


7-25 


0-0725 


0-29 


27-0 


0-27 


1-08 


7-5 


0-075 


0-30 


28-0 


0-28 


1-12 


7-75 


00775 


0-31 


290 


0-29 


1-16 


80 


0-08 


0-32 


30-0 


0-30 


1-20 


8-25 


00825 


0-33 


31-0 


0-31 


1-24 


8-5 


0085 


0-34 


320 


0-32 


1-28 


8-75 


00875 


0-35 


330 


0-33 


1-32 


90 


0-09 


0-36 


34-0 


0-34 


1-36 


9-25 


00925 


0-37 


35-0 


0-35 


1-40 


9-5 


0095 


0-38 


40-0 


0-40 


1-60 


9-75 


0-0975 


0-39 


450 


0-45 


1-80 


100 


010 


0-40 


50-0 


0-50 


200 


10-5 


0105 


0-42 









The author has worked with as small a quantity as 25 c.c. of 
sewage now for some years, and has found that perfectly accurate 
results can be obtained if the water added is absolutely free from 
ammonia, and thorough mixing of the distilled water and the 
distillate is made a point of, before Nesslerizing. 
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15. Estimation of the Chlorine. 

Standard Solvtions, 

(a) Nitrate of Silver, — Dissolve 4*79 grammes of nitrate of silver 
in 1000 c.e. of distilled water. Label : Standard Nitrate of 
Silver Solution (1 c.c. = 0*001 gramme of chlorine. With 100 
C.C. of water, each c.c. = 1 part per 100,000). 

(b) Indicator of Potassium Monochromate. — Dissolve 1 part of 
the pure salt in 10 of water, and keep in a drop bottle. 

The chlorides are estimated as chlorine in the following manner : 
The 100 c.c. measuring-flask is filled up to the mark with the sewage 
or effluent to be examined ; this is then decanted into the 200 c.c. 
porcelain dish, and two drops of the 10 per cent, monochromate of 
potash solution are added so as to give the sewage in the dish 
a canary-yellow colour. The nitrate of silver burette is then to be 
filled to the mark with the standard nitrate of silver solution, 
1 c.c. of which precipitates 0*001 gramme of chlorine. The 
standard nitrate of silver solution is then carefully run into the 
dish, which is stirred with a clean glass rod until all the chlorine is 
precipitated. This is known by the nitrate of silver then forming 
the red chromate of silver with the chromate of potash. As soon 
as there is the slightest red tinge, which does not disappear on 
stirring, the amount of standard nitrate of silver used should be 
read off. The result is the number of milligrammes (0*001 gramme) 
in 100 c.c, and therefore the number of parts per 100,000. The 
reaction is a very delicate one, and at the end the nitrate of silver 
should be added ^ c.c. at a time. With sewages it is, as a rule, 
necessary to filter before making the estimation. 

16. Nitrogen as Nitrates and Nitrites. 

Standard Solutions. 

(a) Standard Potassium Nitrate Solution. — Dissolve 0*072 gramme 
of recently fused potassium nitrate in 1,000 c.c. of water. Label : 
Standard Nitrate Solution (10 c.c. = 0*0001 gramme of nitrogen). 

{b) Phenol Sulphuric Acid. — Add 6 grammes of pure phenol and 
3 c.c. of distilled water to 37 c.c. of pure sulphuric acid free from 
nitrates, and digest for eight hours at about 180° F. This reagent 
can be purchased ready for use. 

(c) Liquor Potasses. — ^Make a 5 per cent, solution of caustic potash 
(free from nitrates) in distilled water, or use liquor potassae B.P. 

Measure 10 c.c. of the water to be examined in a 10 c.c. 
pipette, and run it out into a small beaker. Wash the pipette 
through with distilled water, and then measure 10 c.c. of the 
nitrate of potash solution into another small beaker, making a 
written note of the number of the beaker in which each is con- 
tained. Place the two beakers on the upper part of the water-bath 
at the same time as the total solids are being evaporated down. 
Take them off as soon as they are dry, or there may be loss of nitrate 
of ammonia. When they are both cold, add to each 1 c.c. (measured 
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in a 1 c.c. pipette) of phenol sulphuric acid. Put them again on 
the water-bath for ten minutes. Then wash each beaker out care- 
fully into a Nessler tube, using successive quantities of water, until 
each tube is half full ; then add to each 25 c.c. of liquor potassss, 
and fill up each tube to the 100 c.c. mark. 

Any nitrates present convert the phenol sulphuric acid into picric 
acid, which by the action of the caustic potash forms picrate of 
potash, the intensity of the colour depending upon the amount of 
nitrates present. 

The standard is equal to 1 part per 100,000. If the Nessler 
glass containing the emuent being examined is darker, measure in a 
100 c.c. measuring-glass, graduated in cc's, the quantity equal to 
the standard tube ; if 80 is equal to it, then the quantity present 
is as follows : 80 : 100 : : 1 : a; = 1*25, the nitrogen as nitrates being 
1-25 parts per 100,000. 

If the tube is lighter than the standard, pour off the standard 
until the tint is matched ; then if 75 c.c. are left in the standard 
tube, the nitrogen as nitrates is '75 part per 100,000. 

The following table will be found useful for rapidly ascertaining 
the quantity of nitrates present : — 

TABLE II. 

Giving Parts per 100,000 of Nitrogen as Nitrates for each c.c. op 

Standard Solution. 



No. of c.c. of 

yellow solntion 

equal to 

the standard 

100. 


Nitrogen as 

nitrates: parts 

per 100»000. 


No. of c.c. of 

yellow solution 

equal to 

the standard 

1-00 


Nitrogen as 

nitrates: parts 

per 100,000. 


100 


100 


46 


217 


95 


105 


45 


2-22 


90 


111 


44 


2-23 


85 


118 


42 


2-38 


80 


1-25 


40 


2-50 


78 


1-28 


38 


2-63 


76 


1-32 


36 


2-78 


75 


1-33 


35 


2-86 


74 


1-35 


34 


2-94 


72 


1-39 


32 


313 


70 


1-43 


30 


3-33 


68 


1-47 


28 


3-57 


66 


1-51 


26 


3-85 


65 


1-54 


25 


400 


64 


1-55 


24 


417 


62 


1-61 


22 


4-55 


60 


1-67 


20 


500 


58 


1-72 


18 


5-55 


56 


1-78 


16 


6-25 


55 


1-82 


15 


6-67 


54 


1-85 


14 


714 


52 


1-92 


12 


8-34 


50 


200 


10 


1000 


48 


2-08 


5 


2000 
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17. Detepmination of the Oxygen Consumed. 

Solutions Required. 

(a) Solution of Potassium Permanganate, — Dissolve 0*395 gramme 
of potassium permanganate in 1 litre of freshly distilled water just 
tinted pink by adding a few drops of a solution of permanganate of 
potash. Label : Permanganate Solution (10 c.c. = 0*001 gramme 
of oxygen). 

(i) Sodium Thiosulphate Solution, — Dissolve 1 gramme of pure 
crystallized thiosulphate in 1 litre of distilled water. For the 
incubator test it is more convenient to use a solution of double this 
strength (see Table IV.).^ 

(c) Dilute Sulphuric Acid 1 in 4. — Add gradually 100 c.c. of 
pure sulphuric acid to 300 c.c. of distilled water. 
, {d) Potassium Iodide, — Dissolve 1 part of the pure recrystallized 
salt in 10 parts of distilled water. 

{e) Starch Solution, — Take about a gramme of rice starch and 
work into a cream with cold water. Pour into 100 c.c. of boiling 
water and continue boiling for two minutes. When cold, decant 
off the clear liquid for use. The solution does not keep, and must 
be freshly prepared each time. 

In tms process it is necessary to make a control determination 
with recently boiled distilled water, as the hyposulphite solution is 
' unstable. The time during which the process is continued, namely, 
one, three, or four hours, and the temperature, 80° F., or boiling- 
point, is somewhat a matter of fashion. Thresh recommends boiling 
for fifteen minutes ; Tidy reconmiended one hour and three hours 
at 80° F. ; at the present time, four hours at 80° F. is the most 
usual time. It is obvious that unless the time and temperature are 
fixed, the results of this process can never be generally adopted. 

My usual procedure is to estimate at the end of 3 minutes, and 
then compare with a 3 minutes' estimation after incubating at 80° F. 
for 7 days (vide infra). 

Cleanse two 12-ounce stoppered bottles by rinsing round with 
strong sulphuric acid, followed by washing with clean water. Into 
1 place 100 c.c. of pure distilled water, and in the other, which we 
will call 2, pour 100 c.c. of the effluent or sewage to be examined ; 
into each pipette 10 c.c. of the dilute sulphuric acid, and then 10 c.c. 
of the permanganate solution ; allow them to stand at the temperature 
decided upon, and as often as the permanganate solution in the 
bottle 2 fa^es add another 10 c.c. of standard permanganate. 

At the expiration of the time fixed upon add 2 c.c. of the iodide 
solution. The pink colour of the permanganate is thereby changed 
to yellow by the oxygen of the permanganate liberating an equivalent 
amount of iodine. 

Now add from a burette the thiosulphate solution, until the 
yellow turns a faint straw colour ; then add 1 c.c. of starch solution : 
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a deep blue colour appears ; add the thiosulphate gradually until the 
blue colour absolutely disappears. Make a note of the thiosulphate 
used, and proceed in the same way with the other bottle. 

With the distilled water the 10 c.c. of the permanganate should 
remain unchanged, so that if x c.c. of thiosulphate are used, these 
X c.c. correspond to 10 c.c. of the permanganate solution — that is, 
absorb 1 milligram of oxygen. If the effluent, being analyzed, 
takes only y c.c. of the thiosulphate, the oxygen consumed by the 

oxidizable matter in it is 1 — - milligrammes. If a second 10 c.c. 

of permanganate had been required by the water in question, the 

oxygen consumed is 2 — - milligrammes. 

For convenience in my own laboratory practice, I drew up the 
following table. Table III., which gives the amount of oxygen con- 
sumed equivalent to so many c.c.s of thiosulphate used. For instance, 
suppose 12 c.c. of thiosulphate solution were used and the standard 
or control amount with distilled water was 15 c.c, then by 
turning up the figure opposite the 12 c.c. in the 15 c.c. column, it is 
found that this is equivalent to 0*2 c.c. of oxygen absorbed. 



18. Incubator Test. 

This gives an indication of the amount of putrescible organic 
matter in the effluent. 

A 4-oz. glass stoppered bottle which holds just over 100 c.c. 
is completely filled with the sample to be examined, tightly stoppered 
and put in the incubator at 80° F. for 7 days. At the end of that 
time it is removed and the amount of oxygen consumed by 100 c.c. 
at the end of three minutes is estimated. This is compared with the 
amount obtained before incubation. If it is the same amount, then 
no putrescible matter is present, but if the oxygen consumed is 
greater after incubation than before, the inference is that putrescible 
matter is present which has consumed more of the oxygen. The 
excess of the oxygen consumed after 7 days' incubation over the 
oxygen consumed before incubation is the measure of the putresci- 
bility of the sample. 
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TABLE 
INCUBATOR 

OXYQEN ABSORBED FROM 



C.c/b of 




C.c'b of 




C.c's of 




C.c's of 




hypo- 


When 


sulphite 


When 


hypo- 
salphite 


When 


hypo- 




sulphite 


14 cc. 


15 C.C. 


16 c.c. 


sulphite 




of Boda 


= 10 c.c. 


of soda 


= 10 c.c. 


of soda 


= 10 c.c 


of soda 




used. 


of perman- 


used. 


of perman- 


used. 


of perman- 


used. 




a gms. to 
litre. 


ganate. 


a gms. to 


ganate. 


a gms. to 


ganate. 


a gms. to 






litre. 
150 




litre. 




litre. 




140 


Nil. 


Nil. 


160 


Nil. 


17-0 




13-5 


0035 


14-5 


0033 


15-5 


0033 


16-5 




130 


0071 


140 


0066 


150 


0-0625 


16-0 




12-5 


010 


13-5 


01 


14-5 


00937 


15-5 




120 


0142 


130 


0133 


14-0 


0-125 


150 




11-5 


0178 


12-5 


0166 


13-5 


0-156 


14-5 




110 


0213 


120 


0-2 


13-0 


0-187 


140 




10-5 


0-25 


11-5 


0-233 


12-5 


0-218 


13-5 




100 


0-28 


110 


0-266 


12-0 


0-250 


13-0 




9-5 


0-32 


10-5 


0-3 


11-5 


0-281 


12-5 




90 


0-35 


100 


0-333 


110 


0-312 


12-0 




8-5 


0-39 


9-5 


0-366 


10-5 


0-343 


11-5 




80 


0-42 


90 


0-4 


100 


0-374 


110 




7-5 


0-46 


8-5 


0-433 


9-5 


0-405 


10-5 




7-0 


0-49 


8-0 


0-466 


9-0 


0-436 


10-0 


• 


6-5 


0-53 


7-5 


0-5 


8-5 


0-468 


9-5 




6-0 


0-57 


7-0 


0-533 


80 


0-500 


9-0 




5-5 


0-60 


6-5 


0-566 


7-5 


0-531 


8-5 




50 


0-64 


60 


0-6 


7-0 


0-562 


80 




4-5 


0-677 


5-5 


0-633 


6-5 


0-593 


7-5 




4-0 


0-71 


50 


0-666 


60 


0-625 


70 




3-5 


0-75 


4-5 


0-7 


5-5 


0-656 


6-5 




30 


0-78 


40 


0-733 


50 


0-687 


60 




2-5 


0-82 


3-5 


0-766 


4-5 


0-718 


5-5 




20 


0-85 


30 


0-8 


40 


0-750 


50 




1-5 


0-89 


2-5 


0-833 


3-5 


0-781 


4-5 




10 


0-93 


20 


0-866 


3-0 


0-812 


4-0 




0-5 


0-96 


1-5 


0-9 


2-5 


0-843 


3-5 




Nil. 


10 


1-0 


0-933 


20 


0-875 


30 








0-5 


0-966 


1-5 


0-906 


2-5 








Nil. 


10 


10 
0-5 
Nil. 


0-937 
0-968 
1-0 


20 
1-5 
1-0 
0-5 
Nil. 
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III. 
TEST. 

Permanganate of Potash. 





C.c's of 




C.c. '8 of 




C.c's of 




When 


hypo- 


When 


hypo 
sulpnite 


When 


hypo- 


When 


17 O.C. 


Btilphite 


18 c.c. 


19c.c. 


sulphite 


20 c.c. 


= 10 C.C. 


of soda 


= 10 C.C. 


of soda 


= 10 c.c. 


of soda 


= 10 cc 


of perman- 


used. 


of perman- 


used. 


of perman- 


used. 


of perman- 


ganate. 


2 gms. to 
litre. 


ganate. 


2 gms. to 
litre. 


ganate. 


2 gms. to 
litre. 


ganate. 


Nil. 


180 


Nil. 


190 


Nil. 


20-0 


Nil. 


0029 


17-5 


0-027 


18-5 


0026 


19-5 


0-025 


006 


170 


0-054 


180 • 


0052 


190 


0-05 


0093 


16-5 


0-081 


17-5 


0078 


18-5 


0-075 


0-117 


160 


0-108 


17-0 


0-104 


18-0 


0-1 


0147 


15-5 


0-137 


16-5 


0130 


17-5 


0125 


0176 


150 


0-166 


16-0 


0156 


170 


015 


0-205 


14-5 


0-193 


15-5 


0182 


16-5 


0-175 


0-246 


14-0 


0-221 


150 


0-208 


16-0 


0-20 


0-284 


13-5 


0-249 


14-5 


0-235 


15-5 


0-225 


0:294 


13-0 


0-277 


14-0 


0-263 


15-0 


0-250 


0-323 


12-5 


0-304 


13-5 


0-289 


14-5 


0-275 


0-352 


12-0 


0-332 


13-0 


0-315 


14-0 


0-300 


0-382 


11-5 


0-361 


12-5 


0-341 


13-5 


0-325 


0-411 


110 


0-388 


120 


0-368 


13-0 


0-350 


0-442 


10-5 


0-415 


11-5 


0-394 


12-5 


0-375 


0-470 


100 


0-443 


11-0 


0-420 


12-0 


0-400 


0-499 


9-5 


0-470 


10-5 


0-446 


11-5 


0-425 


0-529 


90 


0-498 


10-0 


0-473 


110 


0-450 


0-558 


8-5 


0-526 


9-5 


0-500 


10-5 


0-475 


0-588 


80 


0-555 


9-0 


0-526 


10-0 


0-500 


0-617 


7-5 


0-582 


8-5 


0-552 


9-5 


0-525 


0-647 


7-0 


0-610 


8-0 


0-578 


9-0 


0-550 


0-673 


6-5 


0-638 


7-5 


0-604 


8-5 


0-575 


0-700 


6-0 


0-666 


70 


0-631 


8-0 


0-600 


0-732 


5-5 


0-693 


Q'b 


0-657 


7-5 


0-625 


0-764 


50 


0-721 


60 


0-683 


7-0 


0-650 


0-793 


4-5 


0-749 


5-5 


0-709 


6-5 


0-675 


0-823 


40 


0-777 


5-0 


0-736 


6-0 


0-700 


0-852 


3-5 


0-804 


4-5 


0-762 


5-5 


0-725 


0-882 


3-0 


0-832 


40 


0-789 


50 


0-750 


0-911 


2-5 


0-856 


3-5 


0-815 


4-5 


0-775 


0-940 


20 


0-880 


30 


0-841 


40 


0-800 


0-970 


1-5 


0-911 


2-5 


0-867 


3-5 


0-825 


1-0 


10 


0-943 


20 


0-894 


30 


0-850 




0-5 


0-977 


1-5 


0-920 


2-5 


0-875 




Nil. 


1-0 


1-0 


0-946 


2-0 


0-900 








0-5 


0-973 


1-5 


0-925 








Nil. 


10 


10 
0-5 
Nil. 


. 0-950 
0-975 
1-0 
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19. To Immediately Estimate the Oxidation Effected by 

Sewage Filters. 

The quickest method of estimating the oxidation effected by 
any scheme is to take advantage of the fact that the ultimate 
products of the oxidation of organic matter are acids, nitrogenous 
matter being oxidized into nitrous and nitric acids, and carbonaceous 
organic matter into oxalic, tartaric, and other organic acids. These 
organic acids, rich in oxygen, combine with the ammonia, and also 
decompose the carbonates of lime and soda present, and the degree 
to which they are formed may be measured by the degree in which 
the alkalinity is diminished. 

This process is of little use in comparing one scheme with another, 
but when once the constants are known for any scheme, the oxidation 
effected by bacteria beds or filters at any moment can instantly be 
measured. The author strongly recommends this process to the 
attention of all sewage farm managers. 

The process consists in estimating the loss of alkalinity — the 
index of the production of highly oxidized compounds (such as 
nitric acid) by means of a decinormal solution of sulphuric acid. 

100 c.c. of the tank effluent and the filtrate are taken. To each 
3 or 4 drops of a one per cent, solution of methyl orange are added. 

The decinormal sulphuric acid is then run in from a 10 cc. 
burette, a drop at a time, until' the yellow colour begins to turn to red. 

Each cc. used is equal to 5 parts per 100,000 of carbonate of 
lime, and the reduction in the alkalinity, the measure of the oxidation 
effected by the filter, is read in terms of carbonate of lime. 

When it is known what reduction in the alkalinity is the result 
of oxidation to produce a given quantity of nitrate and effect a given 
reduction in the organic matter, this test is of the greatest value, 
as it can be made in the course of a few minutes. 
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20. To Express Results in Grains per Gallon. 

If it is desired, to express the results in grains per gallon, the 
following table will be found useful : — 

TABLE IV. 
For the Conversion op Parts per 100,000 into Grains per Gallon. 



Parts per 


Grains per 


Parts per 


Grains per 


Parts per 


Grains per 


Parts per 


Grains per 


100,000. 


gallon. 


100,000. 


gallon. 


100.000. 
95 


gallon. 


100,000. 


gallon. 


1 


0-7 


48 


33-6 


66-5 


142 


99-4 


2 


1-4 


49 


34-3 


96 


67-2 


143 


1001 


3 


21 


50 


350 


97 


67-9 


144 


100-8 


4 


2-8 


51 


35-7 


98 


68-6 


145 


101-5 


5 


35 


52 


36-4 


99 


69-3 


146 


102-2 


6 


4-2 


53 


37-1 


100 


700 


147 


102-9 


7 


4-9 


54 


37-8 


101 


70-7 


148 


103-6 


8 


5-6 


55 


38-5 


102 


71-4 


149 


104-3 


9 


6-3 


56 


39-2 


103 


721 


150 


105-0 


10 


70 


57 


89-9 


104 


72-8 


151 


105-7 


11 


7-7 


58 


40-6 


105 


73-5 


152 


106-4 


12 


8-4 


59 


41-3 


106 


74-2 


153 


107-1 


13 


91 


60 


420 


107 


74-9 


154 


107-8 


14 


9-8 


61 


42-7 


108 


75-6 


155 


108-5 


15 


10-5 


62 


43-4 


109 


76-3 


156 


109-2 


16 


11-2 


63 


441 


110 


770 


157 


109-9 


17 


11-9 


64 


44-8 


111 


77-7 


158 


110-6 


18 


12-6 


65 


45-5 


112 


78-4 


159 


111-3 


19 


13-3 


66 


46-2 


113 


791 


160 


112-0 


20 


140 


67 


46-9 


114 


79-8 


161 


112-7 


21 


14-7 


68 


47-6 


115 


80-5 


162 


113-4 


22 


15-4 


69 


48-3 


116 


81-2 


163 


114-1 


23 


161 


70 


490 


117 


81-9 


164 


114-8 


24 


16-8 


71 


49-7 


118 


82-6 


165 


115-5 


25 


17-5 


72 


50-4 


119 


83-3 


166 


116-2 


26 


18-2 


73 


511 


120 


84-0 


167 


116-9 


27 


18-9 


74 


51-8 


121 


84-7 


168 


117-6 


28 


19-6 


75 


52-5 


122 


85-4 


169 


118-3 


29 


20-3 


76 


53-2 


123 


86-1 


170 


119-0 


30 


210 


77 


53-9 


124 


86-8 


171 


119-7 


31 


21-7 


78 


54-6 


125 


87-5 


172 


120-4 


32 


22-4 


79 


55-3 


126 


88-2 


173 


1211 


33 


231 


80 


560 


127 


88-9 


174 


121-8 


34 


23-8 


81 


56-7 


128 


89-6 


175 


122-5 


35 


24-5 


82 


57-4 


129 


90-3 


176 


123-2 


36 


25-2 


83 


581 


130 


910 


177 


123-9 


37 


25-9 


84 


58-8 


131 


91-7 


178 


124-6 


38 


26-6 


85 


59-5 


132 


92-4 


179 


125-3 


39 


27-3 


86 


60-2 


133 


931 


180 


126-0 


40 


280 


87 


60-9 


134 


93-8 


181 


126-7 


41 


28-7 


88 


61-6 


135 


94-5 


182 


127-4 


42 


29-4 


89 


62-3 


136 


95-2 


183 


128-1 


43 


301 


90 


630 


137 


95-9 


184 


128-8 


44 


30-8 


91 


63-7 


138 


96-6 


185 


129-5 


45 


31-5 


92 


64-4 


139 


97-3 


186 


130-2 


46 


32-2 


93 


651 


140 


98-0 


187 


130-9 


47 


32-9 


94 


65-8 


141 


98-7 


188 


131-6 
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A B. C. process, 73, 84 

-^« Acid, influence of, on nitrifica- 
tion, 72 

Adams* cresset distributor, 160 
* Aeration of filters, 147, 150, 151 

Air, analysis from filter drains, 134 

from filter drains, 134 

Albuminoid ammonia, apparatus for 
estimating, 197, 198 

, in effluents, 18 

, in sewage, 26, 27 

, meaning of, 13 

, method of estimating, 204, 

205 

Alcohol, fermentation of, to vinegar, 
like nitrification, 104 

Alkalinity, estimation of, 77, 214 

from lime, 74-76 

Alum as a precipitant, 70, 73, 84 

Alumino-ferric, 83, 84 

Amines process, 73 

Ammonia, estimation of, 196, 204 

, free, albuminoid, and organic, 13 

, table for estimating, 207 

process, 204 

, apparatus for, 196 

, standard solutions for, 204 

Analyses, deposit from Manchester ship 
canal, 38 

effluents from coal filters, 137, 

152 

coal, sand, coke breeze 

and Lowcock's filters, 152 

' coke breeze, burnt 

ballast and sand filters. 111 

' coke breeze filters 

(L.C.C.), 113 

fine gravel filters 

(Massachusetts), 110 



Analyses, effluents from Exeter process, 
95, 131 

night and day sewage. Bury, 28 

of average sewage, 21 

, after precipitation and 



filtration, 21 



-, after septic tank treat- 



ment, 21, 95, 96, 131 

— of effluents, 142-144 

— of sewage from different towns, 
26,27 

sludge, 85 



Analysis of sewage, apparatus for, 191 

, methods of, 202 

, terms used in, 12-17, 202- 

215 
Antiseptics harmful in sewage, 73, 

75-77 
Aspirating filter, 153 
Automatic aerators for filters, 150, 

151 

distributors, 154 et seq, 

intermitters, 177, 179 



BACILLITE process, 73 
Bacillus anihracis, vitality of, in 
water, 39 
coU communis in river water, 40, 



41 



in sewage, 40, 41 



39 



tuberculosis, vitality of, in water, 
typhosiSf vitality of, in water, 39. 



43 
Bacteria, aerobic and anaerobic, 88 

beds, anaerobic, 97 

, lateral, 98-100 

, sewage, 39 
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Bacteria in river waters, 39-41 

in sewage filters, 51 

, liquefying organic matter, 88 

, removal of, by coarse nitrifying 

filters, 110 

-, by fine sand filters, 109 



Bacteriolysis, 88 

Bailey Denton, Mr., quoted, 29, 66 

Berlin farm, sewage per acre, 55 

sewage farm, 28, 63, 64 

effluent, 27 

Birmingham, analysis of sewage of, 27 

, disposal of sludge at, 85 

, population of volume per acre, 55 

Boobyer, Dr., quoted, 8 
Burton-on- Trent farm, 56 

, useful time at, 74 

Buxton, screening arrangements at, 57 



CALCULATION of maximum dis- 
charge of sewers, 36 

of sewage flow from chlorine, 15 

Cameron's septic tank, 88 
Candy tank, 80-82 
Catchwater system, 54 
Chemical analysis of sewage, 191 
Chemicals chiefly used as precipitants, 

73 
Chemistry of sewage, 10 
Chlorine, estimation of, 208 

, hourly variations in, 30 

, in various sewages, 14 



-, significance of, 15 



Cholera, vitality of bacillus of, in water, 
39 

Circular filters, data with regard to, 189 

Clarification of sewage, 55 

Clay, burnt, filters of, 111 

lands, irrigation of, 54 

, method of irrigating, 54 

, report of Sewage Commis- 
sioners on, 50 

unsuitable for sewage, 49 



Coal filters, 148 

Colman's intermittent feed chamber, 178 

Composition of sewage, 12, 26, 27 

Conical-bottomed tanks, 81 

Contact beds, 125 

, automatic appliances for 

working, 129 

^ double contact necessary, 130 

, duration of contact, 128 



Contact beds v. artificial filters, 124 
Continuous-flow precipitation tanks, 79, 

81 
Copperas as a precipitant, 71, 75 
Cosham tank, 83 
Cost of sludge pressing, 86 

, relative, of precipitants, 71 

Craigentinny meadows, 62 
Crops for sewage farms, 60 

DATA, useful, 188 
Derbyshire County Council, stan- 
dard of purity for effluents, 18 
Detritus tanks, 93 
Dibdin, Mr., 147 

method of working filters, 89 

on precipitants, 70 

, originator of contact beds, 89, 112 



, quoted, 113 

Discharge of sewers, 36 

Disconnection of hoase drains from 

sewer, 7 
Distributor, Adams', 160 

, Candy- Whittaker's, 159 

, Mather and Piatt's, 160 

, revolving, 154 



-, Scott-MoncriefTs, 166 
-, Stoddart's, 154 
-, Wilcox, 171 



Dortmund tank, 79, 81 
Drain, definition of, 2 
Ducat, Colonel, 89 
, filter, 147 

EDINBURGH sewage farm, 62 
Effluents, 95, 110, 111, 113, 131, 
137, 142, 143, 144, 171 
Electrolysis of sewage, 73 

process, 73 

Exeter process, 88, 94, 129 



1?ARM, sewage, persons per acre, 55, 

^ 56 

Farms, method of laying out, 60 

references to, Berlin, 27, 28, 55, 



63 



64 



-, Birmingham, 55, 60 
-, Burton-on-Trent, 56 
-, Edinburgh, 62 
-, Leicester, 54 
-, Nottingham, 61 
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Farms {cmdinuedL). 

, references to, Paris, 63 

, , Stratford-on-AvoD, 59 

, sewage, 47 



Ferrozone, 73 • 

Filters, aspirating, 151, 153 

, burnt ballast, coke breeze, sand, 

and polarite (L.C.C. experiments), 111 

, circular, data with regard to, 189 

, coal, 148 

, coarse sand and fine sand, 190 

, comparative tests of, in Derby- 



shire and Staffordshire, 152 
— , different, compared, 152 
— , Ducat's, 147 
— , fine gravel, 110 
— , Lowcock's, 149 
— , Massachusetts experiments with, 
108 ei teq, 

— , material for, 1^3 
— , peat, river silt, and garden soil, 109 
— ■, percolating, 132 et seq, 
— , results obtained from, 142 et aeq. 
— J results with coke breeze, 113 
— , sewage, 107 et seq, 
— , size of particles of, 122 
-, varieties of, 121 



Filtration, rate of, 112 

, theory of, 104 

Fish, destruction of, by sewage, 42 
Flow, hourly, of sewage, 31 

. maximum flow of circular sewers, 

36 
Frankland, Dr. Percy, quoted, 40, 90, 104 



GARFIELD'S filter (coal), 148 
Grases resulting from decomposition 
of sewage, 33, 74 



HANSON'S process, 73 
Harding, Colonel, 90 
Hermite process, 78 
Herring brine (Amines) process, 73 
House drains, disconnection of, 7 
Houston, Dr., quoted, 142 
Hydrolysis, 33 



212 



INCUBATOR test, 16, 18, 211 
, table for working, 

Intermittent dowpwaxd filtration, 53 
feed chambers, 177, 178 



Iron salts as precipitants, 71-73 
Ives' tank, 83 



KINEBUHLER'S conical-bottomed 
tank, 79 



LAND treatment of sewage, 48 et seq, 
Latham, Mr. Baldwin, quoted, 90 
Leeds experiments, 90 
Lightening heavy lands, 49 
Lime as a precipitant, 70, 71, 75 

, excessive quantities harmful, 75 

Liquefaction of sewage, 99 

Local Grovernment Board's requisitions 

as to schemes, 187 
Lomax, Mr., 114, 146 
Lowcock's filter, 149-161 



MANCHESTER experiments, 90, 96 
•^ Manufacturer's wastes, 5, 184 

, chlorine in, 14 

Manurial value of sewage, 67 

J fallacy of, 68 

Massachusetts experiments on filtration, 

108 et seq. 

on value of precipitants, 71 

Mather and Piatt's distributor, 160 

intermitter, 177 

Middletown (U.S.A.), typhoid fever at, 

43 



NATIVE guano process : see A. B. C. 
process, 13 
Nitrates, in effluents, 18 

, method of estimating, 208 

Nitrification, theory of, 103, 104, 116, 
127, 128 



ORGANIC ammonia, 13 
Oxidation of sewage, 101 

, by spraying into air, 137 

, method of estimating, 214 

Oxygen absorbed, 16 

, definition of, 16 

, method of estimating, 210 

, standards for, 17 

Oysters, typhoid fever due to, 43 

p 6 
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PARIS fann, 63 
Perkins, Mr. F., quoted, 29 
Phosphate process, 73 
Polarite, 103, 111 
Porter, Dr., quoted, 9 
Precipitants, various, 70, 73, 84 
Precipitation, 69 

, purification effected by, 70, 71, 83 

tanks, absolute rest, 78 

, continuous flow, 79 

, without tanks, 73 



Pressing of sludge, cost of, 85 
Ptomaine poisoning through sewage, 42 

EEID, Dr., quoted, 18, 122, 171 
Bideal, Dr., 94, 95 
Ridge and furrows, 53 
River pollution, 37 

waters, life in, 40 

Rivers, bacteria in, 39 

, effect of sewage on, 37 

Roechling, C. E., Mr., on Berlin farm, 
64 



SAND filters, 108 ei seq. 
Scott-Moncrieff, Mr., 88 
Scott-Moncrieff*s distributor, 166 
Septic process, 87 

tank, changes effected in, 92 

tanks, 88 

, necessity for, 90 

, open V. closed, 95 



', sludging up of. 



Sewage, bacteria in, 51 

, composition of average, 11 

, decomposition of, 33 

, definition of, 2 

farms : see Farms 

, from water-closet and non-water 

closet towns, 3, 26 

, hourly variations, 30, 31 

in different towns, 26, 27 

, night and day, 28 

, shake test, 17 

-, volume per head in different 



towns, 24 

Sewage Commissioners, recommenda- 
tions of, 4 

Sewerage and sewage disposal schemes, 
particulars required by L.Gr.B., 187 



Shone*s ejector, 138 

Sludge, methods of dealing with, 84 

Solids in sewage, method of estimating, 

203 
Standards, Derbyshire, 18 

, Mersey and Irwell, 17 

, of purity for effluents, 16-19 

Stoddart's distributor, 154 
Storm water, 24, 25 
Stratford-on-Avon farm, 59 
Suspended matter, in effluents, 17 

, in sewage, 26, 27 

, method of estimating, 203 

Sutton process, 89 

TANKS, precipitation, 78, 79 
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51 
Temperature, influence of on nitrifica- 
tion, 117 
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Trade wastes, 5, 184 
Typhoid fever, caused by sewage con- 
tamination, 43-45 

, due to sewage-contaminated 
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-, due to sewage-contaminated 
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A Handbook for Working Engineers, Technical Students, and Amateurs. 
By Joseph Horner, A.Ni.I.Mech.E., Author of ** Pattern Making," &c. 
Large Cr. 8vo, cloth, with 488 Illustrations. {Just Published. Net g/Q 

Summary of Contents :— Introduction.— Relations of Turnery and machine 
Shop.— Sec. I. the Lathe, Its Work, and Tools.— Forms and functions of Tools 

Rem ARKS on TURNING IN GFJ«ERAL.— SEC. II. TURNING BETWEEN CENTRES.— CENTRING 

AND DRIVING.— Use of Steadies. —Examples of turning Involving Limng-out 
for Centres.— Mandrel work.— Sec. III. work Supported at One End.- Face 
PLATE Turning.— ANGLE Plate Turning.— Independent Jaw Chucks.— Concentric, 
Universal, Toggle, and applied chucks.— Sec. IV. Internal work.— drilling, 
Boring, and allied operations.— Sec. V. Screw Cuttings and Turret Work. 
—Sec. VI Miscellaneous. — Special Work. — measurement. Grinding. — Tool 
Holders— Speed and Feeds, Tool Steels.— steel Makers' Instructions. 

THE MECHANICAL ENGINEER'S REFERENCE BOOK. 

For Machine and Boiler Construction. In Two Parts. Part I. Gbnbkal 
Enginbbring Data. Part II. Boilbr Construction. With 51 Plates and 
numerous Illustrations. By Nblson Folbv, M.I.N.A. Second Editicm, 
Revised throushout and much Enlarged. Folio, half-bound . JYet £3 3ta 

PART I.— Mbasurbs.— Circumfbrbnces and arbas &c..— Squarbs, cubes. 
Fourth powers.— square and curb Roots.— Surface of Tubes.- reciprocals.— 
XjOGarithms. — mensuration.— Specific Gravities and weights.- work and 
Power.- heat.- Combustion.— Expansion and contraction.— Expansion op 
Gasbs.— Steam.- Static forces.- Gravitation and attraction.— motion and 
Computation of Resulting Forces.— accumulated work.— Centre and Radius 
OP Gyration.— moment op Inertia.— Centre of Oscillation.— ELBCTRicmr.— 
Strength of materials.- elasticity.— test Sheets of Metals.— Friction.— 
transmission of Power.— Flow of Liquids.— Flow of Gases.— air pumps, surface 
Condensers, &c.— Speed op stbamships.—Propellers.— Cutting toox^— Flanges, 
—copper Sheets and Tubes —Screws, Nuts. Bolt Heads, ace— Various Rbcipbs 
and miscellaneous matter.- With DIAGRAMS for Valvb-Gbar, belting and 
ROPBS, Discharge and Suction Pipes, Scrbw propellers, and Coppbr Pipes. 

PART II.— Treating of power op boilers.- Useful Ratios.— Notes om 
Construction. — Cylindrical Boiler Shells. — Circular furnaces. — Flat 
Plates.— Stays. — Girders.— Screws. — Hydraulic Tests. — Rfveting. — bozlbr 
Setting, Chimneys, and mountings.— Fuels, &c.— Examples of boilers and Speeds 
of Steamships.— Nominal and Normal Horse Power.— with DIAGRAMS for all 
Boiler Calculations and Drawings of many Varieties of boilers. 

" Mr. Foley Is well fitted to compile such a work. The dlagraaas are a great feature of the 
work. It may be suted that Mr. Foley hasptoduced a Tolume which will undoubtedly fulfil the 
deriie of the author and become Indlspenaable to all merhaniral eng ine e rs . "—Maritu Engituer. 

** We have carefully f^ym«"^w< this work, and pronounce It a most excellent releienco book 
for the use of marine engineers."— 5><9MrMa^ ^Anurican Sacitty t/Nttval Engiautrs. 
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THE W0RK5' MANAQER'5 HANDBOOK. 

Comprising Modem Rales, Tables, and Data. For Engineers, Millwrights, 

and Boiler Makers ; Tool Makers, Machinists, and Metal Workers ; Iron and 

Brass Founders, &c By W. S. Hutton, Civil and Mechanical Engineer, 

Author of "The Practical En^neer's Handbook." Sixth Edition, carefully 

Revised, and Enlarged. Medium 8vo, strongly bound . . 1fi/0 

B^^ T)u Author having compiUd RuUs and Data for his own ust in a gr§at 

varitty of tnodim tngin$§rin^ work, and having found his notts sxtrtmsly ustful, 

d«cid$d to publish thsm — rtwssd to dots — b4linnng that a practical work, suitsd to 

thS DAILY KBQUIKBMBNTS OF MODBRN BNGINBBRS, WOUld OS faVOUrably rSCHvtd, 

** Tb« author treats every subject firom the point of view of one who has collected workshop 
notes for application in workshop practice, rather than from the theoretical or literary aspect. The 
volume contains a great deal of that kind of information which is gained only by practical experience, 
and is seldom written in books."— 7Vw Bngrinttr. 

" The volume Is an exceedingly useful one, brimful with engineer's notes, memoranda, and 
rules and well worthy of being on every mechanical engineer's bookshrit "—Mtckanical iVorid. 

STEAM BOILER CONSTRUCTION. 

A Practical Handbook for Engineers, Boiler-Makers, and Steam Users. 
Containing a large Collection of Rules and Data relating to Recent Practice 
in Ubit Design, Construction, and Working of all Kinds of Stationary, Loco- 
motive, and Marine Steam-Boilers. By Waltbr S. Hutton, Civil and 
Mechanical Engineer, Author of "The Works' Manager's Handbook," "The 
Practical Engineer's Handbook," &c. With upwards of 500 Illustrations. 
Fourth Ekiition, carefully Revised, and Enlarged. Medium 8vo, over 680 pages, 

cloth, strongly bound . 1 8/0 

B^^ This Work is issusd in conHnuation of ths Ssriss of Handbooks written 
by ths Author, vis. : — " Thb Works' Manager's Handbook " and " Thb Practical 
Enginbbr's Handbook," which ars so Mghi^ apprtdaUd by gngiussrs for ths 
practical naturs of th$ir information; and is conssqumtly written in ths sams style 
as thou works. 

" One of the best. If not the best, books on boilers that has ever been published. The Infor- 
mation is of the ri^tkind, in a simple and accessible form. So &r as generaoon Is concerned, this 
is, undoubtedly, the standard book on steam practke."— f^/rics/ Review. 

" Every detail, both In boiler design and manag^ement, is clearly laid before the reader. The 
vohune shows that boiler construction has been reduced to the condition of one of the most exact 
sciences; and such a book is of the utmost value Xotb*/lM«k siieU Engineer and Works Manager." 
•^Maritu Engineer. 

" There has long been room for a modem handbook on steam boilers ; there Is not that room 
now, because Mr. Hutton has filled it. It is a thoroughly practical book tor those who are occupied 
in the construction, design, selection, or use of botleis."— £M^iw«cr. 

PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Josbph G. Hornbr, 
A.M.I.M.E. 380 pp. with 338 Illustrations. Crown Svo, clbth . . 7/6 
" This work Is characterteed by that evidence of dose acqualntai^ce with workshop methods 
wtiich will render the book exceedingly acceptable to the practical hand. We have no hesitation 
in commending the work as a serviceable and practical handbook on a subject which has not 
hitherto received much attention from those qualified to deal with it in a satisfsctory manner."— 
Mechanical JVerid, 

A TREATISE ON 5TEAM BOILERS. 

Their Strength, Construction, and Ectmomical Working. By R. Wilson, C.£. 

Fifth Edition. x2mo, cloth . 6/0 

** The best treatise that has ever been published on steam boilers."— fitf^HMr. 

BOILER AND FACTORY CHIMNEYS. 

Their Draught-Power and Stability. With a chapter on L ightning Conductors, 
By RoBBRT Wilson, A.I.C.E., Author of " A Treatise on Steam Boilers," &c 

Crown 8vo, cloth 3/6 

** A vahiable contribution to the literature of scientific building."- 77k< Builder, 

BOILERMAKER'S ASSISTANT. 

In Drawing, Templating, and Calculating Boiler Work, &c. By J. 
Courtney, Practical Boilermaker, Edited by D. K. Clark, C.£. Seventh 
Edition. Crown Svo, cloth . . 2/0 

" With very great care we have gone through the ' Boilermaker* Assistant and have to say 
that it has our own unqualified approval. Scarcely a point has been oexalSXitidL"— Foreman 
Engineer, 

A 2 
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BOILERMAKER'S READY RECKONER. 

With Examples of Practical Geometry and Templating for the Use of 
Platers, Smiths, and Riveters. By John Courtney. Edited by D. K. Clark 
M.Inst.C.E. Crown 8vo, cloth 4/0 

"A most useiul work. No workman or apprentice should be without it."— /r«M Trude 
Circular, 

BOILERMAKER'5 READY RECKONER & ASSISTANT. 

With S^xamples of Practical Geometry and Templating, for the Use of Platers, 
Smiths, and Riveters. By John Couktnbt, Edited by D. K. Clakk. 
M.Inst.C.£. Fifth Edition, 480 pp., with 140 Illustrations. Fcap. 8vo, half> 

bound 7/0 

•»♦ This Work consists 0/ the two previous mentioned volumes, •* Boilermaker's 
Assistant," and "Boilermaker's Ready Reckoner," bound together in 
One Volume, 
" No worionan or apprentice should be without this book."— /»«» TrmU Circutar. 

STEAM BOILERS. 

Their Construction and Management. By R. Armstrong, C.E. Illustrated. 
Crown 8vo, cloth 1/6 

" A mass of information suitable for beginners."— Z>«ji^n and Work. 

THE PRACTICAL ENGINEER'S HANDBOOK. 

Comprising a Treatise on Modern Engines and Boilers, Marine, Locomotive, 
and Stationary. And containing a large collection of Rules and Practical 
Data relating to Recent Practice in^ Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a com- 
prehensive Key to the Board of Trade and other Examinations for Certificates 
of Competency in Modem Mechanical Engineering. By Walter S. Hutton, 
Civil and Mechanical Engineer, Author of " The Works' Manager's Handbook 
for Engineers," &c. With upwards of 430 Illustrations. Sixth Edition, 
Revised and Enlarged. Medium 8vo, nearly 560 pp., strongly bound. 1 8/0 
B^^ This Work is designed as a companion to the Author's "Works' 
Manager's Handbook." It possesses many new and original features, and con- 
tains, like Us predecessor, a quantity of matter not originally intended for publication 
but collected oy the Author for his own uu in the construction of a great variety of 
Modern Engineering Work. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of 420 Engravings ; and comprises a quantity of tabulated matter of great 
value to all engaged in designing, constructing^ or estimating for Engines, Boilers. 
aim/ other Engineering Work. 

"We have kept it at hand for sereral weeks, referring: to It as occasion arose, and we haTe not 
I on a sfaoflrie occasion consulted its pages without finding the information of wliich we were in quest. " 

I --Atiututufn. 

" A thoiouglily good practica handbook, wliich no engineer can go through without learning 
something that will be of service to }aSm." —Marine Bngituer. 

" An excellent book of reference for engineers, and a Taluablc text-book or students of 
engineering. "-.^ftfCrman . 

"This valuable manual embodies the results and experience of the leading authorities 00 
mechaniciQ engineering. "^^mc/iA'm^ fiewi. 

" The author has collected together a surprising quantity of rules and practical data, and tM 
shown much judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most useful of its kind published, and will be a very popular compendium."— £M^>fMr. 

" A mass of information set down in simple language, ana in such a form that it can be easily 
referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated 
hy the illustrations. The book wUl find its way on to most engineers' shelves, where it will ranK as 
one of the most useful books of reference."— /Vocl^a/ Engt$%€er. 

" Full of useful information, and should be found on the office shelf of all practical engineerb." 
—Eng^Hsh Mtchatiic. 

TEXT-BOOK ON THE 5TEAM ENGINE. 

With a Supplement on Gas Engines and Part II. on Heat Engines. By 
T. M. GooDEVE, M.A., Barrister-at-Law, Professor of Mechanics at the Royal 
College of Science, London ; Author of " The Principles of Mechanics," " The 
Elements of Mechanism, "&C. Fourteenth Edition. Crown 8 vo, cloth . 6/0 
**ProfclSsor Ooodeve has given us a -treatise on the steam engine, which wHl bear companhon 
with anything written by Huxley or Maxwell, and we can award it no higher praise."— £yv«M<tf* . 

" Mr. Goodeve's text-book is a work of which every young engineer should possess himself. 
—Mining^ ycumal. 
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A HANDBOOK ON THE 5TBAM BNQINB. 

With especial Reference to Small and Mediuni*staed Engines. For the Use of 
Enzine Msdcers, Meehanical Draughtsmen, Engineering Students, and users 
of Steam Power. By Herman Haedbr, C.E. Transuited from the German 
with additions and alterations, by H. H. P. Powlbs, A.M.I.C.E.. M.I.M.E. 
Third Edition, Revised. With nearly i,ioo Illustrations. Crown 8vo 

cloth iV*/ 7/6 

** A perfect encvdopaedia of the steam engine and its details, and one which must lalce a per- 
manent place in English (uawine-offices and woncshops."— /< Fortfttan PatUm-mtiktr. 

" This is an exceOent book, and should be in the hands of all who are interested in the con- 
striiaioa and design of medium-sixed stationary engines. ... A careful study of its contents and 
the atrangemenc of the sections- leads to the conclusion that there is probably no other boolc tike it 
ip this country. The volume alms at showing the results of practical experience, and it certainlv 
may claim a complete achievement of this idea."— A'a/wr«. 

" There can be no questidn as to its value. We cordially commend it to all concerned in the 
design and construction uf the steam engine." — Mechanical Pf'orld, 

THE PORTABLE ENGINE. 

A Practical Manual on its Construction and Management. For the tue 

of Owners and Users of Steam Engines generally. By William Dvsom 

Wansbrough. Crown 8vo, cloth 3/6 

" This is a work of value to those who use steam machinery. . . . Should be read by every 
one who has a steam engine, on a farm or elsewhere."— iVar^k Lane Sxprtst, 

THE STEAM ENGINE, 

A Treatise on the Mathematical Theory of, with Rules and Examples for 

Practical Men. By. T. Baker, C.E. Crown 8vo, cloth . . . 1 /6 

" Teems xivith scientific information with reference to the steam-engine."— Z?«iir« and PVorfc. 

THE STEAM ENGINE. 

For the use of Beginners. By Dr. Lardner. Crown 8vo, cloth . 1 /6 

LOCOMOTIVE ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Locomotive Engines. By 
Michael Reynolds, M.S.E. Twelfth Edition. Crown 8vo, cloth, 3'6 



cloth boards 
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"We can confidently recommend the book, not only to the practical driver, but to everyone 
who takes an interest in tlie performance of locomotive engines." — The Engineer. 

THE LOCOMOTIVE ENGINE. 

The Autobiography of an Old Locomotive Engme. By Robbkt Wbathrr* 
BURN, M.I.M.E. With Illustrations and Portraits of GBORGBand Robert 
Stbphbnson. Crown 8vo, cloth Net 2/6 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise on the Gradual Improvements made in Railway Engines 

between 1803 and 1903 By Clement E. Strktton, C.E. Sixth Edition, 

Revised and rCnlarg«*a. Crovirn 8vo, cloth Net 4/6 

" Students 01 railway nistury and all who are lnierv«ted In the evolution of tba modem 
locomotive will bnd niucb to •ittract and eacertain in tbi& vuiuiiiM."^7'Aue Tsmwj. 

THE MODEL LOCOMOTIVE ENGINEER, 

{■'iremun, and Engine-Boy. Comprising a Historical Notice ot the Pioneer 

Locomotive Engines and their Inventors. By Michael Reynolds. Second 

Edition, with Revised Appendix. Crown 8vo, doth, 3/6 \ cloth boards. 4/6 

" We sliould be glad to see this book in tHe possession of everyone in the kingdom who has 

' laid, or is to lay, hands on a locomotive engine."— />vn. 



LOCOMOTIVE ENGINES. 

A Rudimentary Treatise on. By G. D. EhsMPSEY, C.E. With large 
Additions treating of the Modern Locomotive, by D. K. Clark, M.lnst.C.E. 

With Illustrations. Crown 8vo, cloth 3/0 

"A model of what an elementary tectmical book should he."— Academy. 

CONTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdom : 

their Construction and Performance. By M. Reynolds. 8vo, clotb 9/0 

" A popular explanation of the different brakes. It will be of great assistance m forming 

putdic opinion, and will be studied with benefit by those who take an interest in the brake 'Sneiish 

Mechanic, 
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ENQINE-DRIVINQ LIFE. 

Stirring Adventures and Incidents in the Lives of Locomotive Engine- 
Drivers. By Michakl Rbtnolds. Third Edition. Crown 8vo, doth . 1 /6 

** From first to last peifoctly foacinatinf . Willde CoUins's most thrillinc: conceptions an 
thfown into the sbade by true incidents, endless in their Tarietjr, related in every pam.'—N«rtk 
SriHshMtM. 

STATIONARY ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Stationary Engines. By 
Michael Reynolds, M.S.E. Seventh Edition. Crown 8vo, cloth, 3/6 ; 
cloth boards 4/6 

" The author is thoroughly acquainted with his subjects, and has produced a manual which is 
an exceedingly useful one for the dciss for whom it is specially intended." — Engineering. 

THE CARE AND MANAGEMENT OF 5TATI0NARY 

BN01NB5. 

A Practical Handbook for Men-in-charge. By C. Hurst. Crown 8vo. Ntt 1 /Q 

THE ENQINEMAN'5 POCKET COMPANION, 

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics. 

By Michakl Reynolds. With 45* Illustrations and numerous Diagrams. 

Fifth Edition. Royal x8mo, strongly bound for pocket wear . 3/6 

" A most meritorious worle. giving in a succinct and practical form all the information an 
engine-minder desirous of mastering the scientific principles of his daily calling would requiie."— 
The MilUr. 

THE SAFE USE OF STEAM. 

Containing Rules for Unprofessional Steam Users. By an Emginbbk. Eighth 
Eklition. Sewed 6d. 

** If steam-users would but leam this little book by heart, boiler explosions would become 
sensations by their rarity."— £«v/irA Mechanic. 

5TEAM AND MACHINERY MANAGEMENT. 

A Guide to the Arrangement and Economical Management of Machinery, 
with Hints on Construction and Selection. By M. Powis Bale, M.Inst.M.£. 

Crown 8vo, cloth 2/6 

•' Gives the results of wide experience." — Lloyd's Newspaper. 

GAS-ENGINES AND PRODUCER-GAS PLANTS. 

A Treatise setting forth the Principles of Gas Engines and Producer Design, 
the Selection and Installation of an Engine, Conditions of Perfect Operation, 
■ Producer-Gas Engines and their Possibilities, the Care of Gas Engines and 
Producer-Gas Plants, with a Chapter on Volatile Hydrocarbon and Oil 
Engines. By R. E. Mathot, M.E. Translated from the French. With a 
Preface by Dugald Clerk, M.Inst.C.E., F.C.S. Medium 8vo, cloth, 
310 pages, with about 150 Illustrations. [/ws^ Published. Net 1 2/0 

" Any work on these subjects which bears the hall-mark of Mr. Dugald Clerk's approval is 
sure to receive careful attention, but there can be little doubt about the welcome that will be 
acdbrded to Mr. Mathot's book for its own sake. Mr. Clerk remarks : * I know of no work which 
has gone so fully into the details of gas engine installation and up-keep.' The author deals not 
only with the construction of the eas-engine, but also with all the details of its installation and the 
conditions essential to satisfactory working." — journal 0/ Gas Lighting. 

GAS AND OIL ENGINE MANAGEMENT. 

A Practical Guide for Users and Attendants, being Notes on Selection, Con- 
struction, and Management. By M. Powis Bale, M.Inst.C.E., M.I. MechuE. 
Author of " Woodworking Machinery," &c. Crown 8vo, cloth . JW/ 3/6 

THE GAS-ENGINE HANDBOOK. 

A Manual of Useful Information for the Designer and the Engineer. By E. W. 
Roberts, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather. 

mt 8/6 
ON GAS ENGINES. 

With Appendix describing a Recent Engine with Tube Igniter. By T. M. 

GooDEVE, M.A. Crown 8vo, cloth 2/6 

" Uke all ^Tr. Goodere's writings, the present Is no exception In point of genenl exceDenre. 
is a ▼aiuable Uttle volume."— A/fftomtca/ H^'orid. 
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THE BNQINBBR'S YEAR-BOOK FOR 1906. 

Comprising FormolA, R1llc9^ Tables, Dau and Memoranda in Gvil, Mechanical, 
£lectrical, Marine and Mine £ngineering. By H. R. Kbmpb. M.In8t.CS., 
Principal Staff Engineer, £ngineer-in-Chief 's Office, General Post Office. 
London, Author of "A Handbook of Electrical Testing," "The Electrical 
Engineer's Pocket'Book," &c With x,ooo Illustrations, specially Engraved 
for the work. Crown 8vo, 950 pp., leather. ijwt Fubltshsd, 8/0 

"Kempe's Yew-Book really requires no commendatioii. It* sphere of usefiilness Is widely 
known, and u is oaed by engineers the world OTer."— 7Vk« Engineer. 

"The Tolume Is distinctly In advance of most almllaff pubHcatkms la this cooatiy."— 
Btifftmefins . 

" This valuable and well-designed book of laCsience meets the demands of all descripHoos of 
en g i n e eis . "— Saturday JRevUw. 

"Teems with up-to-date IniiBRnatkm In evety bauch of 
BuikkngJVetM. 

** The needs of the 



_ _ profssslon could hardly be supplied in a moie adndnble, 

complete and convenient lonn. To say that it more than sustains allcompaiisoas is pnise of the 
UglMSt son. and that may )usdy be sakl otit."—Minintr youmat. 



THE MECHANICAL ENQINEER'5 POCKET-BOOK. 

Comprising Tables, FormnUe, Rules, and Data : A Handy Book of Reference 
for Daily IJse in Engineering Practice. By D. Kinnbar (;laxk, M.Inst.C.E., 
Fifth Edition, thoroughly Revised and Enlarged. By H. H. P. Powucs, 
A.M.Inst.C.E., M.I.M.E. Small 8vo, 700 pp.. Leather . . Net Q/Q 

SUMMARY OF CONTBNTS :— MATHBMATICAI. TABLSS.— MBASURBMBNT OF SURFACBS 
AND SOLIDS.— ENGUSH WBIGHTS AND MBASURBS.— FRBNCH MBTRIC WBIGHTS AND 
MBASURBS.— FORBIGN WBIGHTS AND MBASURBS.— MONBYS.—SPBCIFIC GRAVITY. 
WBIGHT. and VOLUMB.— MANUFACTURBD MBTAX&— STBBL PIFBS.— BOLTS AND NUTS.— 
SUNDRY ARTICLBS IN WROUGHT AND CAST IRON, COPPBR, BRASS, LBAD, TIN, ZiNC.— 

Strbngth op matbrials. — strbngth op Timbbr.— strbngth of Cast iron.— 
strbngth op Wrought Iron.— Strbngth op stbbl.— tbnsilb strbngth op coppbr, 

LBAD, &C.— RBSISTANCB OF STONBS AND OTHBR BUILDING MATBRIALS.— RlVBTBD JOINTS 
IN BOILBR PLATBS.— BOILBR SHBLLS.— WiRB ROPBS AND HBMP ROPBS.— CHAINS AND 

Chain cablbs.— FRAMING.— Hardnbss of mbtals, alloys, and stonbs.— Labour op 

ANIMALS.— MBCHANICAL PRINCIPLBS.— GRAVrTY AND FALL OP BODIBS.— ACCELBRATING 

AND Retarding Forcbs.— Mill Gbaring, Shafting, &c— transmission op Motivb 
POWBR.—HBAT.— Combustion : Fubls.— Warming, Ventilation, cooking Stovbs.— 
Stbam.— STBAM Engines and Boilers.— Railways.— Tramways.— Stbam Ships.— 
Pumping steam engines and Pumps.— Coal Gas Gas Engines, &c.— air in Motion 
—Compressed air.— Hot air engines.— Water power.— Speed of Cutting Tools. 
—Colours.— Electrical Enginbbring. 

*' Mr. dark manifests what Is an Innate pecceptlon of what is likely to be osaAil la a pocket 
book, and he is really unrivalled in the art of condensation. It is very difficxilt to hit upon any 
mechanical engineering subject concerning wliich this work supplies no information, and the 
ea c ellen t index at the end adds to its utilitr. In one word. It Is an exceedingly handy and efficient 
tooL, po s a oM ed of wliich the engineer will be saved many a wearisome calculation, or yet more 
wearisome hunt through various text-books and tieatjaes. and, as such, we can heartfly recommend 
it to fxir readers."— 7m Engineer, 

" It would be found difficult to oompiem mote matter witliln a similar compass, or produce a 
book of 700 pages which should be more compact or convenient for pocket reference. . . . Will 
be appreciated Dy merhaairal engineers of all dasset "— Practical Engineer, 



PRACTICAL MECHANICS' WORKSHOP COMPANION. 

Ounprisin^ a great variety of the most useful Rules and Formulae in Mechanical 
Science, Math numerous Tables of Practical Data and Calculated Results fcr 
Facilitating Mechanical Operations. By William Tbmplbton, Author of 
'* The Engmeer's Practical Assistant," &c., &c. Eighteenth Edition, Revised, 
Modernised, and considerably Enlarged by W. S. Mutton, C.E., Author of 
"The Works' Manager's Handbook," &c. Fcap. 8vo, nearly 500 pp., with 
8 Plates and upwards of 250 Diagrams, leather 6/0 

" In Its modernised form Button's * Templeton ' should have a wide sale, for It contains much 
valuable information which the mechanic will often find of use, and not a few tables and notes which 
he might look for in vain in other worlcs. This modernised edition will be appreciated by all who 
haveTeamed to value the original editions of 'Templeton.'"— fiv'^A Mechanic. 

" It has met with great success in the engineering workshop, and there are a great many men 
who. In a great measure, owe their rise in life to this little book."--Euildin£ News. 

"This fiuniliar text-book Is of essential service to the everyniay requirements of engineers, 
millwrights, and the various trades connected with engineering and building. The new modernised 
edition is worth its weight tai gcii±"—£ttiiding J^ews. (Second Notice.) 

"This well-known and largely-used book contains information, brought up to date, of the 
sort so uscHhil to the foreman and draughtsman. So much freah information nas been introduced as 
to constitute it practically a new book."'— Mechanicai World. 



CROSBY LOCKWOOD S- SON'S CATALOGUE, 



^1 



eNQINEER'5 AND MILLWRIQHT'5 A55I5TANT. 

A Collecdon of Useful Tables, Rules, and Data. By William Tbmplbtcn. 
Eiguth Bditioa, with Additions. z8mo, cloth 2/6 

"UccupMS a foramott place ^uiuoc bookii of this kind. A more niitabte pnaant to an 
appraonce to any of the mechanical nades could not posublv be voMdc'—SMiidinf Atws. 

"A doaervedly popui>r worn It should be in the 'diawar ' at eveiy mechanic. "'^JBfi^/wik 
Mechanic 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS. ARCHITECTS. BUILDERS. &c. 

Selected and Arranged by Francis Smith. Seventh Edition, Revised, including 
Llbctrical Tables, Formula, and Mbmoranda. Waistcoat >pocket stae. 
limp leather 1 /S 

" It would, perhaps, be as dltficult to make a siuall pocket-book selection of note* and formulae 
to suit ALL enpneers as it would be to make a urnvtmal medicine; but Mr. Smith's waistcoat* 
pocket collection may be looked upon as a successful atbemoL"— Engineer. 

" The best example we have ever seen of *7o pa^rw of useful matter packed into the dtmen* 
slons of a card-case. "—BuiUin^ New*, " A veritable pocket treasury of knowledge."— /«w*t. 

THE MECHANICAL ENGINEER'S COMPANION. 

Of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimenes, 
Muares, cubes, roots, &c. ; Strength of Bolts, Weight of IroiL &c ; Weights, 
Measures, and other Data. Also i'racticai Rules for Engine Proportions. 
R. Edwards, M.inst.cE. Fcap. 8vo, cloth. 3/ 

* A very usetMl little volume. It contains many taoles. classified data ana memoranda 
genenllv useful to engineers."— i(M«<«(«cr. 

" What it professes to be, 'a htndy oflice companion,' g^tving in a succinct form a variety of 
infetmation likely to be required by mechanical en^neers in their everyday ofhce work." — Nature. 

MECHANICAL ENGINEERING TERMS 

(Lockwood's Dictionary of). Embracing thuse current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &c. Com* 
prising upwards of 6,ooo Deiinitions. Ldited by J. G. UomnIbr, A.M.I.M.E. 
Third Edition, Revisisd, with AdditiouN Crown 8vo, cloth . . Net 7/6 
"Just the son of handy dictionary required r>y the various trades enipatfed in mechanicai en. 

sineefinc. The practical enpneenni; pupil will find the book of ffreac value m his studies, and every 

foreman engineer and mechanic should have a co\ts."—fiH,itding News, 

POCKET GLOSSARY OF TECHNICAL TERMS. 

English-French, French .English ; with Tables suitable for the Architectuial, 

Engineering, Manufacturing, and Nautical Professions.^ Bj John Jambs 

Flbtchbr. Fourth KHition, aoopp. Waistcoat-pocket size, limp leather 1/6 

" It is a very ifreat aav<uic<t|;e tur reader* and comwpondent» m France and bngland to n«ve 

to la^e a number of the worcb rttianng to engineering and manufactures collected m a liUputlan 

volume. The little book will be u&«wl both to scuamtk and travellers."— ^rcAMBCt. 

" The glossary of terms te very c'>«nnl«wfi nnfi many of tlie Tables are new and well arranged. 
^■'e cn»»l»JtUv c»»i»>n>»»nrl th* hnoh ' -<» <chantca. World 

IRON AND STEKL. 

A Work for the Forge Foundry, Factory, and Office. Containing ready, 
useful, and trustworthy Information for Ironmasters and their Stock- takers : 
Managers of Bar, Kail, Plate, and Sheet Rolling Mills; Iron and Metal 
Foiwders ; Iron Ship and Bridge Builoers ; ^ Mechanical, Mining, and Con- 
sulting Engineors ; Architects, Contractors, Builders, &c By Ch arlks Hoakb, 
Author of "The Slide Rule." &c Ninth Edition, ^amo. leather . Q/Q 

WORKMAN'S MANUAL OF ENGINEERING DRAWING. 

By John Maxton, Instructor in Engineering Drawing, Royal Naval 
College, Greenwich. Eighth Edition. 300 Plates and Diagrams. Crown 8vo, 

cloth 3/6 

" A copy of it should be kept for reference in every drawing oSic^"—En^u€eriHg: 

PATTERN MAKING. 

Embracing tne Main Types of Engineering Constmction, and including 

Gearing, Engine Work, dbeaves and Pulleys, Pipes and Columns, Screws, 

Machine Parts, Pumps and Cocks, the Moulding of Patterns in Loam and 

Greensand, Weight of Castings, &:. By J. G. Horner, A.M.I. M.E. Third 

Edition. iLnlarged. With 486 Illustrations. Crown 8vo, cloth. . Net 7/6 

** A well- written technical guide, evidently written l>y a man who understands and has pcaC' 

tised wnat he has written about. . . . We cordially recommend it to enginaecing smdents, young 

journeymen, and others desirous of bemg initiaced into the mysteries of pattern-making. "—^wtf/«Err. 

" An excellent vaae mecum for the apprentice wno doKire» to become master ci his trade." 

—Bngtuh Mechanu. 



MECHANICAL ENGINBBRIN6, ««. 



SMITHY AND FORGE. 

Including the Farrier's Art and Coach Smithing. By W. J. E. Crane. 

Crown 8vo, cloth 2/6 

" The first modern English book on the subject. Great pains have been bestowed by the 
author upon the book ; shoemg^-smiths will find it both useful ana interesting^."— ^Mt7<f«r. 

TOOTHED QEARINQ. 

A Practical Handbook for Offices and Workshops. By J. Hoftmn, A.M . I. M. E. 

Second Edition, with a new Chapter on Recent Practice. With 184 Illustra* 

tions. Crown 8vo, ciotti 6/0 

" We'give the book our unqualified praise for its thorougtmess of treatment, and recommend 
it to ail interested as the most practical book on the subject yet written. "—ifccAaMtlMi/ fVorid. 

MODERN WORKSHOP PRACTICE, 

As applied to Marine, Land, and Locomotive Engines, Floating Docks, 
Dredging Machines, Bridges, Shipbuilding, &c. By J. G. Winton. Fourth 
Edition, Illustrated. Crown Svo, cloth 3/6 

" Whether for the apprentice determined to roaster, his profession, or for the artisan bent 
upon raising^ himself to a higher position, this clearly-written and practical treatise will be a great 
help." — Scotsman. 

DETAILS OF MACHINERY. 

Comprising Instructions for the Execution of various Works in Iron in the 
Fitting Shop, Foundry, and Boiler Yard. By Francis Campin, C.E. 
Crown Svo, cloth 3/0 

" A sound and practical handbook for all engaged in the engineering tTsAes."Suiliiiit^ 
World. 

ENQINEERINQ ESTIMATES. COSTS, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimate* 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. By 
A General Manager. Second Edition. Svo, cloth 12/0 

" Tlris is an excellent and veiy useful book, covering subject-matter In constant requtsltiun In 
•verr factory and workshop. . . . The book is InTaluable, not only to the young enginae*. but 
also to the estimate department of every works." — BuiUUr. 

" We accord the work unqualified praise. The information Is given In a plain, stralgnttorward 
mannsr, and bears throughout evidence of tne Intimate practical acquaintance of the nutliot with 
every phase of commercial engin^enng."— itfecAawtca/ WprUL. 

MECHANICAL ENQINEERINQ. 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop 
Machinery, Mechanical Manipulation, Manufacture of the Steam Engine, 
&c. By Francis Campin, C.E. Third Edition. Crown Svo, cloth 2/6 
" A sound and serviceable text-book, quite up to ^xa."— Building News. 

LATHE-WORK. 

A Practical Treatise on the Tools, Appliances, and Processes employed in 
the Art of Turning. By Paul N. Hasluck. Eighth Edition. Crown Svo, 

cloth 6/0 

** Written by a man who knows not only how work ought to be done, but wlu> also knows how 
to do it, and bow to convey his knowlec^e to others. To all turners this book would be valuable."— 
Snginuring. 

*' We can safely recommend the work to young engineers. To the amateur it will simply be 
invaluable. To the student it will convey a great deal of useful infoimatlon."— Aiv^mmt. 

SCREW-THREADS, 

And Methods of Producing Them. With nnmeroos Tables and complete 

Directions for using Screw-Cutting Lathes. By Paul N. Hasluck, Author 

of "Lathe-Work," &c. Sixth Edition. Waistcoat-pocket size .1/6 

" Full of useful information, hints and practical criticism. Taps, dies, and screwing tools 

generally are illustrated and their action described."-— Af«cAa»^a/ World. 

" It is a complete compendium of all the details of the screw^cutting lathe ; in fsct, a mulhtm 
in p»rvc on all the subjects it treats upon."— c'afy«M«fr and Builder. 

CONDENSED MECHANICS. 

A Selection of Formulae, Rules, Tables, and Data for the Use of Engineering 
Students, &c By W. G. C. Hughbs, A.M.LC.E. Crown Svo, cloth . 2/6 
" The book Is well fitted for those who are prenparing for examfaaation and wish to retresh 
their knowledge by going through t^eir iormulje agua.— Marine Engineer. 
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MECHANICS OP AIR MACHINERY. 

By Dr. J. Weisbach and Prop. G. Herrmann. Authorized Translation 
with an Appendix on American Practice by A. Trowbridge, Ph.6., Adjunct 
Professor of Mechanical Engineering, Columbia University. Royal 8vo, cloth; 

l/ust Published. Net 1 8/0 

PRACTICAL MECHANISM, 

And Machine Tools. By T. Baker, C.E. With Remarks on Tools and 
Machinery by J. Nasmyth, C.E. Crown 8vo, cloth . . . « 2/6 

MECHANICS. 

Being a concise Exposition of the General Principles of Mechanical Science 
and their Applications. By C. Tomlinson, F.R.S. Crown 8vo, cloth 1 /6 

FUELS: SOLID, LIQUID, AND QASE0U5. 

Their Analysis and Valuation. For the use of Chemists and Engineers. By 
H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist to the 
Great Eastern Railway. Fourth Edition. Crown 8vo, cloth . . 2/0 

"Ought to have its place in the laboratory of every metallurgical establishment, and wher* 
ever fuel is used on a large scale." — Chtfnical News. 

FUEL, ITS COMBUSTION AND ECONOMY. 

Consisting of an Abridgment of " A Treatise on the Combustion of Coal 
and the Prevention of Smoke." By C. W. Williams, A.Inst.C.E. With 
extensive Additions by D. Kinnear Clark, M.Inst.C.E. Fourth Edition. 
Crown 8vo, cloth 3/6 

" Students should buy the book and read it, as one of the most complete and satisfactory 
treatises on the combustion and economy of fuel to be had." — Engineer. 

STEAM AND THE STEAM ENGINE, 

Stationary and Portable. Being an Extension of the Treatise on the 
Steam Engine of Mr. J. Sewell. By D. K. Clark, C.E. Fourth Edition. 

Crown 8vo, cloth 3/6 

" Every essential part of the subject is treated of competently, and in a popular style."— /ron. 

PUMPS AND PUMPING. 

A Handbook for Pump Users. Being Notes on Selection, Constniction, and 
Management. By M. Powis Balb, M.Inst.CE., M.I.Mech.S. Fourth 
Edition. Crown 8vo, cloth 3/6 

"The matter Is let forth as concisely a* possible. In tect, condensatio& rather than dlffiiwi 
ness has been the author's aim throui^out ; yet he does not seem to have ooaltted anytfalnc likely fee 
be of v»t."—ycumai iff Gas Ugh^ig. 

" Thoroughly practical and clearly written."— GAu^vw HeruUL 

REFRIG£RATION, COLD STORAGE, & ICE-MAKING: 

A Practical Treatise on the Art and Science of Refrigeration. By A. J. 
Wallis-Taylbr, A.M.Inst.C.£., Author of** RefHgeratmg and Ice-Making 
Machinery." 6oo pp., with 360 Illustrations. Medium 8vo, cloth. Net 16/0 

**The author has to be congratulated on the completion and production of such an impor- 
tant work and it cannot fail to have a la^e body of readers, for it leaves out nothing that would in 
any way be of value to those interested in the subject." — Steamship. 

" No one whose duty it is to handle the mammoth preserving installations of these latter days 
can afford to be without this valuable \>ook."—Giasgew Herald. 

THE POCKET BOOK OF REFRIGERATION AND ICE- 

MAKINQ. 

By A. J. Wallis-Taylbr, A.M.Inst.C.E. Author of " Refrigerating and Ice- 
making Machinery," &c. Third Edition, Enlarged. Crown 8vo, cloth Net 8/6 

REFRIGERATING & ICE-MAKING MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Taylbr, 
A.M.Inst.C.£. Third Edition, Enlarged. Crown 8vo, doth . . 7/6 

"Practical, expUclt, and profusely VlvaxxaxwL"—Giasgcmt Herald. 

" We recommend the book, which gives the cost of various systems and Illustrations showing 
details of parts of machinery and general arrangements of complete insrallations. "—BuiUer. 

" May be reconmienaed as a useful description of the machinery, the proce s s es , and of the 
facts, figures, and tabulated physics of refrigerating."— ^«^fiM«cr. 
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BLAST FURNACE CALCULATIONS AND TABLES FOR 

PURNACB MANAGERS AND BNQINBBRS. 

Containing Rules and Formulae for Finding the Dimensions and Output 
Capacity of any Furnace, as well as the regular Outfit of Stoves, Heating 
Surface, Volume of Air, Tuyere Area, &c., per ton of Iron per day of 24 
hours. By John L. Stevenson. F'cap. 8vo. 

[Nearly ready. Price about 5/O Net, 

MOTOR VEHICLES FOR BUSINESS PURPOSES. 

A Practical Handbook for those interested in the Transport of Passengers 
and Goods. By A. J. Walus-Tayler, A.M. Inst. C.E. With 134 Illustra- 
tions. Demy 8vo, cloth. {Just Published. Net 9/0 

MOTOR CARS OR POWER-CARRIAGES FOR COMMON 

ROAD5. 

By A. J. Wallis-Taylbr, A.M.Inst.C.E. axa pp., with 76 Illustrations. 
Crown 8vo, cloth 4/6 

" A work that an engineer thinking of turning his attention to motor-carriage worlc, would 
do weD to read a* a preHminary to startuig operations."— £fvt'Mf«r&v. 

ATRIAL NAVIGATION. 

A Practical Handbook on the Construction of Dirigible Balloons, Afirostats, 
Aeroplanes, and Aeromotors. By Frederick Waucbr, C.E., Associate 
Member of the A&ronautic Institute. With 104 Illustrations. Large Crown 
8vo, doth Net 7/6 

STONE-WORKING MACHINERY. 

A Manual dealing with the Rapid and £c<»ioinical Conversion of Stone. With 

Hints on the Amuigement and Management of Stone Works. By M. Powis 

Bale, M.Inst.C.E., M.I.Mech.E. Second Edition, enlarged. Crown 8vn. 

cloth 9/0 

" The book should be In the hands of every mason or student of »ua»mo^k."'-Colii€ry 
Guardian. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Management. 
Hints on Fire>Brigades, &c. By C. F. T. Young, C.S. 8vo, cloth, £1 48. 

CRANES, 

The Construction of, and other Machinery for Raising Heavy Bodies for the 
Erection of Buildings, &c. By J. Glynn, F.R.S. Crown 8vo, cloth 1 /6 
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PIONEER IRRIGATION. 

A Manual of Information for Fanners in the Colonies. By E. O. Mawson, 
M.Inst.C.E>, Executive Engineer, Public Works Department, Bombay. With 
Additional Chapters on Light Railways by E. R. Calthrop, M.Inst.C.E., 
M.I.M.E. Illustrated by Numerous Plates and Diagrams. Demy 8vo, cloth. 

JVet 10/6 
Summary op Contents :—Valub op Irrigation, and sources op water 
Supply.— Dams and weirs.— Canals.— Underground Water.— Methods of irri* 
gation.— sewage irrigation.— imperial automatic sluice gates.— the cultl 
VATioN OF Irrigated Crops, Vegetables, and fruit Trees.— Light Railways 
FOR Heavy Traffic— Useful memoranda and Data. 

THE RECLAMATION OP LAND FROM TIDAL WATERS 

A Handbook for Engineers, Landed Proprietors, and others interested in Works 
of Reclamation. By A. Bbazblby, M.Inst.CE. 8vo, cloth. Net 10/6 

" The book shows In a concise way what has to be done In reclaiming land firom the sea, and 
the best way of doing it. The work contains a great deal of practical and useful information which 
cannot Cailto be of service to engineers entrusted with the enclosure of salt marshes, and to land* 
owners intending to reclaim land from the sea."— rAc Engineer . 
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THE WATER SUPPLY OF TOWNS AND THE CON- 

STRUCTION OP WATBR-WORKS. 

A Practical Treatise for the Use of Engineers and Students of Engineering. 
By W. K. Burton, A. M. Inst. C.E.,. Consulting Engineer to the Tokyo 
Water*works. Second Edition. Revised and Extended. With numerous 
Plates and Illustrations. Super •ro3ral 8vo, buckram 26/0 

I. IMTRODUCTORY. — II. DiFFBRBNT QUAUTIBS OF WATBR. — III. QUANTTTY OF 
WATBR TO BB PROVIDBD.— IV. ON ASCBRTAINING WHBTHBR A PROPOSBD SOURCB OF 
SUPPLY IS SUFFICIBNT.— V. ON ESTIMATING THB STORACB CAPACITY RBQUIRBD 
rO BB PROVIDBD.—VI. CUkSSIFICATION OF WATBR-WORKS.— VII. IMPOUNDING RBSBR- 

voiRS.— >viii. Earthwork Dams.— IX. Masonry Dams.— X. thb Purification op 
ytTATBR.— XI. sbttling Rbsbrvoirs.— xii. Sand filtration.— xiii. purification 

OF WATBR BY ACTION OF IRON, SOFTBNING OF WaTBR BY ACTION OF LiMB, NATURAL 

Filtration.— XIV. sbrvicb or Clban Watbr Rbsbrvoirs— Watbr Towbrs— Stand 
PiPBS.— XV. Thb connbction of Settling Rbsbrvoirs, Filtbr Bbds and sbrvicb 

RBSBRVOIRS.— XVI. PUMPING MACHINERY.— XVII. FLOW OF WATBR IN CONDUITS— 
PiPBS AND OPBN CHANNELS.— XVIII. DISTRIBUTION SYSTEMS.- XIX. SPECIAL PRO- 
VISIONS FOR THB Extinction of Fire.— XX. Pipes for Water-works.— XXI. Pre- 
vention OF Waste of water.— XXII. Various appliances used in Connbction 
wrrH Water-works. 

APPENDIX I. By Prop. JOHN MILNE, F.R.S.— CONSIDBRATIONS CONCERNING THB 
PROBABLE EFFECTS OF EARTHQUAKES ON WATER- WORKS, AND THB SPECIAL PRB- 
CAUTIONS TO BB TAKEN IN EARTHQUAKE COUNTRIES. 

APPENDIX II. By JOHN DE RIJKE, CE.— ON SAND DUNES AND DUNE SAND AS 

A SOURCE OF Water Supply. 

" The chapter npoa filtntioa of water is rery complete, aad the details of construction well 
illustfated. . . . The work should be specially ▼aluaole to dvil engineera engaged in work ir 
Japan, but the interest is by no means confined to that Uxa]ity."—£n£vutr. 

" We congratulate the author upon the practical commonaense shown in the preparation of 
this woric . . . The plates and oiagrams hare evidently been prepared with great can. and 
cannot ftUl to be of great assistance to the student."— i^Mt/dirr. 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humbbr, A.M.lnst. C.K., and M.Inst.M.JL., Author of "Cast 
and Wrought Iron Bridge Construction," &c., &c. Illustrated with 50 Double 
Plates, I Single Place, Coloured Frontispiece, and upwards of 250 Woodcuts, 
and containing 400 pp. of Text. Imp. 410, elegantly and substantially 

halM>ound in morocco ^€i £6 6t. 

List of Contents :— 1. Historical Sketch of some of the means that havb 

BEEN ADOPTED FUR TUB SUPPLY OF WaTBR TO CiTIBS AND TOWNS.— II. WATER AND 
THE FOREIGN MATTER USUALLY ASSOCIATED WITH IT.— III. RAINFALL AND EVAPORA- 
TION.— IV. SPRINGS AND THE WATER-BRARING FORMATIONS OF VARIOUS DISTRICTS. 
—V. MEASUREMENT AND GLSTI NATION OF THB FLOW OF WATER.— VI. ON THB SELECTION 
OF THB SOURCB OP SUPPLY.— VII. WBLLS.—VIII. RBSERVOIKS.— IX. THE PURIFICATION 
OF WATBR.-.X. PUMPS.— XL PUMPING MACHINERY.— XII. CONDUITS.— XIII. DlSTRIBU- 
TION OF WATER.— XIV. METERS, SERVICE PIPES, AND HOUSE FITTINGS.— XV. THE LAW 
AND ECONOMY OF WATBR-WORKS XVI. CONSTANT AND INTERMITTENT SUPPLY.— 

XVII. Description op plates.— appendices, giving Tables of Rates Of Supply. 
Velocities, dec, etc.. together with Specifications op sevbral Works illus- 
trated, AMONG WHICH WILL BE FOUND : ABERDEEN, BiDEPORO, CANTERBURY, 

Dundee, Halifax. Lambeth, Rotherham, Dublin, and others. 

" The most systematic and valuable work upon water supply hitherto produced In English, or 
in any other language. Mr. Humber's worlc is characterised almost throuf^out by as 
exhaustiveness much more distinctive of French and German than of English technical treatises." 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Consonction of Water* 
works for small Country Districts. By Allan Grbbnwbll, A.M.Inst.C.£., 
and W. T. Curry, A.M.Inst.C.£., F.G.S. With Illustrations. Second Edition, 

Revised. Crown 8vo, cloth 6/0 

" We conscientiously recommend it as a very useful book for those concerned In obtaining 
water for small districts, giving a great deal of practical information in a small compass. "SuiltUr. 
** The volume contains valuable information upon aU matters connected with water supply 
. . . It is fiaU of details on points which are continually before water-works engineers."— VMmm^k. 



WATBR ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water Ux the Supply of Towns, for Mill Power, and ioe other Purpose^ 
ByCHARLBsSLAGG,A.M.Inst.C.£. Second Edition. Crown 8vo, cloth . 7/6 

" As a small practical treatise on the water supply of towns, and on soom appKcatioas of \ 
power, the work Is In many r e sp e c t s eacellent "—Engineering: 
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WATER WORKS, FOR THE SUPPLY OF CITIE5 AND 

TOWN5. 

With a Description of the Principal Geoloffical Formations of England as 

influencing Supplies of Water. By Samuel Hughbs. Crown 8vo, cloth 4>/0 

" Evervone who is debating how his villagfe, town, or city shall be plentifully supplied with 
pure water should read this hooK "—NrwcastU Courani. 

POWER OF WATER. 

As applied to drive Flour Mills, and to give motion to Turbines, and other 
Hvdrostatic Engines. By Joseph Glynn, F.R.S., &c. New Edition. 
Illustrated. Crown 8vo, cloth .<...«... 2/0 

WELLS AND WELL-SINKINQ. 

By J. G. Swindell, A.R.I. B.A., and G. R. Burnbll, C.E. Revised 
Edition. Crown 8vo, cloth 2/0 

" Solid practical infoimation, written in a concise and lucid style. The work can be recom- 
mended as a text-book for all surveyors, architects, &c."—/rvn atttfCoal Trades Review. 

HYDRAULIC POWER ENQINEERINQ. 

A Practical Manual on the Concentration and Transmission of Power by 
Hydranlic Machinery. By G. Crotdon Marks, A.M.Inst.C.E. Second 
Edition, Enlarged, with about 340 lUostrations. 8vo, cloth. 

[Just Published. Net 10/6 
Summary of Contents :—principlbs of Hydraulics.— thb flow of watbr.— 

Hydraulic pressurbs.— Matbriax Tbst Load.— Packings for Sliding Surfacbs. 

—Pipe joints.— Controlling Valvbs.— Platform Lifts.— workshop and foundry 
CRANES.— Warehouse and Dock Cranes.- Hydraulic accumulators.— Presses 
FOR Baling and other Purposes.— Sheet Metal Working and Forging Machinery. 
—Hydraulic Riveters.- Hand and power pumps.— steam pumps.— turbines.— 
impulse Turbines -Reaction turbines.— Design of Turbines in Detaii — Water 
whbels.— Hydraulic Enginbs.— Recent achibvbmbnts.— Prbssurb of Watbr.— 
action of pumps, &C. 

" We have nothlnr but praise or this thoioui^lily valuable work. The author has succeeded 
In renderlni; his subjectlnterestinsf as weD as Instructive."- /Vac/ltai^ Engineer. 

"Can be unhMltathiKiy reconunended as a useliil aad up-to-date manual on hydraulic trans- 
mission and utilisation of power."— AfMAafmcs/ fVorid. 

HYDRAULIC MANUAL. 

Consisting of Working Tables and Explanatory Text. Intended as a Guide in 
HTdraulic Calculations and Field Operations. By Lewis D'A. Jackson, 
Author of "Aid to Survey Practice," "Modern Metrol(^7," &c Fourth 

Edition, Enlarged. Large crown 8vo, cloth 16/0 

" The author has constructed a manual which may be accepted as a trustworthy guide 
to this branch of the engineer's pnittsaiaa."'-^ne*neerin£', 

HYDRAULIC TABLB5, C0-BPPICIENT5, & FORMULiC. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New FonnnUe, Tables, and General Information on Rain-fall. 
Catchment- Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Nbvillb, C.E., M.K.I.A. Third Edition, revised, with 
additions. Numerous Illustrations. Crown 8vo, cloth ... 1 4/0 
" It Is. of all English books on the subject, the one nearest to completeness."— ^rcA<«r<rz 

MASONRY DAMS PROM INCEPTION TO COMPLETION. 

Including numerous Formulae, Forms of Sj^ification and Tender, Pocket 
Diagram of Forces, &c For the use of Civil and Mining Engineers. 6v 

C. F. CouRTNBT, M.Inst. C.E. 8vo, cloth 9/0 

" Contains a good deal of Taluable data. Many useful suggestions win be found in the 
remarks on site and position, location of dam, foundations and construction."- J9wiM(M^ News. 

RIVER BARS. 

The Causes of their Formation, and theur Treatment by " Induced Tidal 
Scour " ; with a Description of the Successful Reduction by this Method of 
the Bar at Dublin. By I. J. Mann, Assist. Eng. to the Dublin Port and Docks 

Board. Royal 8vo, cloth 7/6 

" We recommend all faiterested fai harbour wo rks an d, faideed, those concerned hi the 
improvements of rlTers generally— to read Mr. Mann's interasting 'moA," -Engineer. 

DRAINAGE OF LANDS, TOWNS AND BUILDINGS. 

By G. D. Dempsky, C.E. Revised, with large Additions on Recent Practice 
in Drainage Engineering by D. Kinnear Clark, M.Inst.C.E. Fourth 
Edition. Crown 8vo, cloth 4/6 
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SURVEYING A5 PRACTISED BY CIVIL ENGINEERS 

AND 5URVBYOR5. 

Including the Setting-ont of Works forConstroction and Surveys Abroad, with 
many Examples taken from Actual Practice. A Handbook for use in the Field 
and the Office, intended also as a Text-book for Students. By John White- 
law, Jun., A.M.Inst.CE., Author of " Points and Crossings." With about 
360 Illustrations. Demy 8vo, cloth Net "XQjQ 

" This work is written with admiraUe lucidity, and will certainly be found of distinct value 
both to students and to those engaged in actual practice."— r/M Bttilder. 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or for Survey-work in 
the Colonies. By Gborgb W. Usill, A.M.Inst.C£. Eighth Edition, 
thoroughl^r Revised and Enlarged, by Alex. Bbazblev, M.Inst.CE. 
With 4 Lithographic Plates and 360 Illustrations. Large crown 8vo, 7/6 
doth ; or, on Thin Paper, leather, gilt edges, rounded corners, for pocket use. 

1 2/6 

" The best forms of instruments an described as to their construction, uses and modes 
of employment, and there are innumerable hints on work and equipment such as the author, in 
his experience as surveyor, draugrhtsman and teacher, has found necessary, and which the student 
In his mexperience will &id most serviceable."— fM^tM«rr. 

" The first book whkh should be put in the hands of a pupil of QvU Engineering."— 
ArthUtct. 

SURVEYING WITH THE TACHEOMETER. 

A practical Manual for the use of Civil and Military Engineers and Surveyors, 
including two series of Tables specially computed for the Reduction of 
Readings in Sexagesimal and in Centesimal Degrees. By Neil Kbmnbdt, 
M.In5t.C.E. With Diagrams and Plates. Second Edition. Demy Svo, cloth. 

Net 10/6 
" The work Is Teiy cleariy written, and should remove all difficulties in the way of any surveyor 
dearous of making' use of this useful and rapid instnunent."— Aioi/Mrc. 

LAND AND ENGINEERING SURVEYING. 

For Students and Practical Use. By T. Baker, C.E. Twentieth Edition, 
by F. E. Dixon, A.M.Inst.CE. With Plates and Diagrams. Crown 8vo, 
cloth , 2/0 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting-out; and in Route Sur* 
veys of Travellers by Land and Sea. With Tables, Illustrations, and Records 
ByL. D'A. Jackson, A.M.Inst.C.£. Second Edition. 8vo, cloth . 12/6 

" Mr. Jackson has produced a Taluable Xfo dtmee unt for tlte surveyor. We can recommend 
tUs book as containins^ an admirable supplement to the teaching of the accompilihed surveyor."-" 
Atfuiuntifn. 

" The author brings to Ills work a fortunate imlon of theory and practical erpettoooe which, 
aided by a clear and ludd style of writing, tenders the book a very osefiu one."— J9M'A&r. 



LAND AND MARINE 5URVEYING. 

In Reference to the Preparation of Plans for Roads and Railways ; Canals, 
Rivers, Towns' Water Supplies; Docks and Harbours. With Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.£. Second 
Edition, Revised with Additions. Large crown 8vo, cloth . 9/O 

" This book must prove of great value to the student. We have no hesitation in recom- 
mending It, feeUng assured that it will more than repay a careful siaxAy"— Mechanical World. 

" A most u»Bful book for the student. We can strongly recommend it as a car^ully^wiitteo 
and valuable tezt*book. It enjoys a well-deserved repute among surveyors."— ^M^:^k<cr. 

ENGINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Sjrstems, and 
cue of Theodolite for Traverse Surveying and plotting the work with minute 
accnracT by means of Straight Edge and Set Square only ; Levelling with the 
Theodolite, Setting-out Curves with and Mrithout the Theodolite, Earthwork 
Tables, &c. By W. Davis Haskoll, C.E. With numerous Woodcuts. 
Fifch Edition, Enlarged. Crown 8vo, cloth 1 2/0 

" The book is very handy ; the separate tables of sines and tangents to every minute will make 
it useful for many other purposes, the genuine traverse tables existincr all the same."— ^A«««M«n 
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AN OUTLINE OF THE METHOD OF CONDUCTING 

A TRiaONOMBTRlCAL 5URVBY. 

For the Formation of Geoflrraphical and Topo^aphical Maps and Plans, Mill* 
tary Reconnaissance, LEVELLING, &c., with Useful Problems, FormolsB, 
and Tables. By Lient. -General Fromb, R.£. Fourth Edition, Revised and 

_tl7 Re-written by Major General Sir Charlbs Waxkbm, G.C.M.G., R.E. 

^ith 19 Plates and 1x5 Woodcuu, royal 8vo, cloth .... 1 6/0 

"No words of prmiae from lu can ttrenfftheii the posltloD 10 wdl and 10 tteadlljr maintained 
by this work. Sir Chariei Warren haa reviaed the entire work, and made such additions as wen 
nac salary to bring every portion of the contents up to the present date."— iBrviM; Anvw. 

PRINCIPLES AND PRACTICE OF LEVELLING. 

Showing its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roads ; with Mr. Telford's Rules for the same. By 
Fmbdbrick W. Simms, M.InsLCE. Eighth Edition, with Law's Practical 
Examples for Setting-out Railway Curves, and Tkautwinb's Field Practice 
of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts. 
8vo 8/6 

" The test-book on levelling in most of our engineering schools and cclOieg9»."-~Stifim€tr. 
"The publishers have rendered a substandal service to the profession, espedally to the 
Doeis, by bringing out the p rese nt edition of Mr. Simms's useful wotk."Sngi.Mt*rtHg. 



TABLES OF TANGENTIAL ANQLE5 AND MULTIPLES. 

For Setting-out Curves from 5 to eoo Radius. By A. Bbazblbt, M.Inst.CE. 

Sth Edition, Revised. With an Appendix on the use of the Tables for 
f easiuing up Curves. Printed on 50 Cards, and sold in a cloth box, waistcoat- 
pocket size • 8/6 

" Each table to printed on a small card, which, placed on the theodoUte, leav«s the bands fret 
to manlpultte the insorument— 410 small advantage as regards the rapidity oi work."— >f Mr»M«rr. 

" very handy : a man may know that all hU day's work must feu on two of these cards, which 
he puts Into hto own card-case, and leav«s the rest behind. "—A tktpun ^m t, 

PIONEER ENQINEERINQ. 

A treatise on the Engineering Operations connected with the Settlement of 
Waste Lands in New Countries. By £. Dobson, M.Inst.CE. Second 
Edition. Crown 8vo, cloth 4>/6 

"Mr. Dobson is familiar with the difficulties which have to be overcome in this class of work, 
and much of his advice will be valuable to young engineers proceeding to our colonies." — 

TUNNELLING. 

A Practical Treatise. By Chaklbs Pxbuni, C.E. With additions by 
Charlbs S. Hill, C.E. with 150 Diagrams and Illustrations. Royal 8vo, 
cloth Ntt 16/0 

PRACTICAL TUNNELLING. 

Explaining in detail Setting-out the Works, Shaft-rinking, and Heading-driving, 
Ranging ^e Lines and Levelling underground, Sub-Excavating, Timbering 
and the Construction of the Brickwork of Tunnels. By F. W. Simms, 
M.lnst.C.E. Fourth Edition, Revised and Further Extended, including the 
most recent (X895) Examples of Sub-a<iueous and other Tunnels, bv D. Kinnbas 
Clark, M.Inst.CE. With 34 Folding Plates. Imperial 8 vo, cloth £2 2a. 
' The present (1896) edition has been brought right up to date, and is a work to which civil 



engineers should have ready access, and engineers who have construction work can hardly afford 
tobewith^ 



I without, but which 
they can learn the state 



saay access, ana engmeeis wno nave construction work can narcuy anord 
to the younger members of the profassion is invaluable, as from bs pages 
to which the science of tunnelling has attained."— ^otf awry Ntws. 

EARTH AND ROCK EXCAVATION. 

A Practical Treatise, by Charlbs Prelini, C.E. 363 pp., with Tables, 
many Diagrams and Engravings. Royal 8vo, cloth. 

[Just Published^ Net 1 6/0 

CONSTRUCTION OF ROADS AND STREETS. 

By H. Law, C.E., and D. K. Clark, C.E. Sixth Edition, revised, with 

Additional Chapters by A. J. Wallis-Tayler, A.M.Inst.C.E. Crown 8vo, 

cloth 6/0 

** A book iHiidi evenr borougn surveyor and engineer must possess, and which will be of 
considerable service to architects, builders and property owners generally."— J9m(^'«^ News. 



1 6 CROSBY LOCK WOOD <»- SON'S CATALOGUE. 
TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System; with an exhanstive 
Analysis of the Various Modes of Traction, including Horse Power, Steam, 
Cable Traction, Electric Traction, &c ; a Description of the Varieties of 
Rolling Stock ; and ample Details of Cost and Working Expenses. New 
Edition, Thoroughl^r Revised, and Including the Progress recently made in 
Tramway Construction, &c., &c By D. Kinnbar Clark, M.Inst.CE. 
With 400 Illustrations. 8vo, 780 pp., buckram. 28/0 

" The new Tolume is one which will rank, among tramway englneen and those Interasted in 
tnunway woridng, with the Author's worid-famad book on railway machinery."— 7*A« Bngituer, 

HANDY QENBRAL BARTH-WORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Embankments from 3 inches to Bo feet in Depth or Height, for use with either 
66 feet Chain or xoo feet Chain. By J. H. Watson Buck, M.Inst.C.E. 
On a Sheet mounted in cloth case 3/6 

EARTHWORK TABLES. 

Showing the Contents in Cubic Yards of Embankments, Cuttings, &c, of 
Heights or Depths up to an average of 80 feet. By Joseph Broadbbnt, C. E., 
and Francis (Jampin, C.E. Crown 8vo, cloth 6/0 

" The way in which accuracy is attained, by a simple division of each cross sectkm into three 
elements, two in which are constant and one variable, is ingenious."— ^XAwMtfMWt. 

A MANUAL ON EARTHWORK. 

By Alex. J. Graham, C.E. With numerous Diagrams. Second Edition. 
x8mo, cloth 2/6 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By J. H. Watson Buck, M.Inst.C.£<, 
Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, cloth 1 2/0 

" Many of the methods gflven are of extreme practical value to the mason, and the observa- 
tloos on the form of arch, the rules for ordering: the stone, and the construction of the templates, 
will be found of considerable use. We commend the book to the engineering piofessKm."— 
BtMdinf New*. 

" will be regarded by dvU engineers as of the utmost value and calculated to save much 
due and obviate many mlstalren. "■—CoiiUry Guardian. 

ESSAY ON OBLIQUE BRIDGES 



(Practical and Theoretical). With 17 large Plates. By the late Gborgb 
Watson Buck, M.Inst.CE. Fourth Edition, revised by his Son, J. H. 
Watson Buck, M.InstC.E. ; and with the addition of Description to 



Diagrams for Facilitating the Construction of Oblique Bridges, by W. H. 
i Barlow, M.Inst.C.E. Royal 8vo, cloth 12/0 

"The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise, 

and it would be impossible to consult a better."— £Mf»n«er. 
I " Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested 

j the subject of many of the hitricacies supposed to belong to it. As a gtdde to the engineer and 

architect* on a confessedly difficult subject, Mr. Buck's work is unsurpassed."— iBMtfUKM^ Ntms. 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Foundations. In 
Three Parts. — Theoretical, Practical, and Descriptive. By William Humbbk, 
A. M.Inst.C.E., and M.Inst.M.E. Third Edition, revised and much im> 
proved, with 1x5 Double Plates (20 of which now first appear in this edition, 
and numerous Additions to the Text. In a vols., imp. 4to, half-bound in 

moroccJb £6 16s. 60. 

" A very valuable contribution to the standard literature of civil engineering. In addition to 
elevations, plans, and sections, la^e scale details are given, which very much enhance the 
instructive worth of those illustrations."— C«v»7 Engxneer and ArckiUcCs youmai. 

"Mr. Humber's stately volumes, lately issued-*hi which the most important bridges 
! erected during the last five years, under the direction of the late Hit. BruneC Sir W. CuUtt, 

{ Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent 

e iglneers, are drawn and specified in great detail "—Bnginur. 



CIVIL ENGINEERING, SURVEYING, i&c. 



17 



IRON BRIDGES OP MODERATE SPAN: 

Their Construction and Erection. By H. W. Pbndrkd. With 40 illustra- 
tions., Crpwn 8vo, ploth . . . ., 2/0 

" Students and engineers should obtain this book for constant and practical use."--CoU$ery 
Guardian. 

IRON AND STEEL BRIDGES AND VIADUCTS. 

A Practical Treatise upon their Construction. For the use of Engineers, 
Draughtsmen, and Students. By Francis Campin, C.E. Crown 8vo, 
cloth 3/6 

TUBULAR AND OTHER IRON GIRDER BRIDGES, 

Describing the Britannia and Conway Tubular Bridges. With a Sketch of 
Iron Bridges, &c. By G. D. Dempsey, C.E. Crown 8vo, cloth . 2/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses In Rooii, Solid 

Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 

Piers, and other Frameworks. By R. Hudson Graham, C£. Containing 

Dia^ams and Plates to Scale. With numerous Examples, many taken from 

existing Structures. Specially arranged for Class-work in Colleges and 

Universities. Second Edition, Revised and Enlarged. 8vo, cloth . 1 6/0 

** Mr. Graham's book will find a place wherarer graphic and analytic Katies a»e naod or 
staidaaA,"—Bntin€er, 

" The work is excellent from a practical point of view, and has evidently been prepared 
with much care. The directions for working ai« ample, and ai« illustnted by an abundance of 
well4dected examples. It is an excellent text-book for the practkud draughtsman."— ^M«h«m«». 

WEIGHTS OF WROUGHT IRON & STEEL GIRDERS. 

A Graphic Table for Facilitating the Computation of the Weights of Wroa^t 
Iron and Steel Girders, &c, fur Parliamentary and other ffjttimates. By 
J. H.. Watson Bdck. M.lnst.CK. On a Sheet 2/6 

GEOMETRY FOR TECHNICAL STUDENTS. 

An Introduction to Pure and Applied Geometry and the Mensuration of 
Surfaces and Solids, including Problems in Plane Geometry useful in Drawing. 
By £. H. Spragub, A.M.Inst.C.£. Crowm 8vo, cloth. . . ^etl/Q 

PRACTICAL GEOMETRY. 

For the Architect, Engineer, and Mechanic. Giving Roles for the Delineation 
and Application of various Geometrical Lines, Figures, and Corves. By 
E. W. Takn, M.A., Architect. 8vo, cloth 9/0 

" No book with the same objects in view haa erer been published in which the clearness of 
the rules laid down and the illustratlTe diagrams have been ao watisiactoty."—ScottmmH. 

THE GEOMETRY OF COMPASSES. 

Or. Problems Resolved by the mere Description of Circles and the Use of 
Coloured Diagrams and Symbols. By Olivbx Byrnb. Coloured Plates. 
Crown 8vo, cloth 8/6 

MENSURATION AND MEASURING. 

With the Mensuration and Levelling of Land for the purposes of Modern 
Engineering. By T. Baker, C.E. New Edition by E. Nugent, C.E. 
Crown 8vo, cloth 1/6 

HANDY BOOK POR THE CALCULATION OP STRAINS 

In Girders and Similar Structures and their Strength. Consisting of Formulss 
and Corresponding Diagrams, with ntunerous details for Practtcal Applica* 
tion, &c By William Humber, A. M.Inst. C.E. , &c Sixth Edition. 
Crown 8vo, with nearly 100 Woodcuts and 3 Plates, cloth . . 7/6 



'The formulae are neatly expressed, and the 



good,"--Atk€tun*fft. 



" We heartily comm e n d this raaUy Mamiy booi to our engineer and architect 
SfifUsh MtchanU. 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Piteticfcl Remarks On Iron Construction. By F. W Shbilds, 
M.Inst.C.£. avo, cloth 5/0 




CONSTRUCTIONAL IRON AND 5TEBL WORK, 

As applied to Public, Private, and Domestic Buildings. By Francis 

Campin, C.B. Crown 8vo, qloth , 8/Q 

" This practical book may be counted a most valuable voik.*'— British Architect, 

MATERIALS AND CONSTRUCTION. 

A Theoretical and Practical Treatise on the Strains, Designing, and Erection 
of Works of Construction. By Francis Campin, C.E. Third Edition. 
Crown 8vo, cloth 3/Q 

"No better exposition of the practical application of the principles of construction has yet 
been published to our knowledg^e in such a cheap comprehensive {orm/'—BuiUfing- News. 

EXPERIMENTS ON THE FLEXURE OF BEAMS. 

Resulting in the Discovery of New Laws of Failure by Buckling. By Albert 
E. Guy. Medium 8vo, cloth Net 9/0 

TRUSSES OF WOOD AND IRON. 

Practical Applications' of Science in Determining the Stresses. Breaking 
Weights, Sate Loads, Scantlings, and Details of Construction. Witn Complete 
Working Drawings. By W. GairriTHS, Survejror. Oblong 8vo, cloth 4/6 

"This handy Uttle bo<A enters so minutely into every detail connected with the con- 
ttructlon of roof trusses that no student need be ifpiorant of these mattot%."-~PracHcai Bng^nur. 

CONSTRUCTION OF ROOFS, OF WOOD AND IRON: 

Deduced chiefly from the Works of Robison, Tredgold, and Humber. By 

E. W. Tarn, M.A., Architect. Fourth Edition. Crown 8vo, cloth . 1 /6 

" Mr. Tarn is so thoroughly: master of his subject, that although the treatise was founded on 
the works of others he has given it a distfhct value of his own. It will be found valuable by all 
students."— ^««7rffr. 

A TREATISE ON THE STRENGTH OF MATERIALS. 

With Rules for Application in Architecture, the Construction of- Suspension 
Bridp;es. Railways, &c By Pxter Barlow, F.R.S. A new Edition, revised 
by his Sons, P. w. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added, Experiments by Hodgkinson, Fairbairn, and Kirkaldy ; and 
Formulae for calculating Girders. &c Edited by Wm. Humbbr, A. M. Inst.C.E. 
8vo, 400 pp., with 19 Plates and numerous Woodcuts, cloth . . .1 8/0 
" Valuable alike to the student, tyro, and the experienced practitioner. It will always rank 
n fiiture as It has hitherto done, as the standard treatise on that particular subject."— ^M^f^MMr. 

EXPANSION OF STRUCTURES BY HEAT. 

by John Kbilt, C.E., lace of the Indian Public Works Department. Crown 

Svo, cloth 8/6 

" The aim the author has set before him, vis., to show the effects d heat upon metallic and 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or 
jir-'httect can find but Httle reliable and compraheoslve data In books."— JirfMi r. 

CIVIL ENQINEERINQ. 

By Henry Law, M. Inst.C.E. Including a Treatise on Hydraulic Engi- 
neering by G. R. Burnell, M. Inst.C.E. Seventh Edition, revised, with 
Large Additions on Recent Practice by D. Kinnear Clark, M. Inst.C.E. 

Crown Svo, cloth 6/6 

" Aji admirable volume, which we warmly recommend to young engineer "—Builder. 

THE PROGRESS OF ENQINEERINQ (1863-6). 

By Wm. Humbbr, A.M. Inst.C.E. Complete in Four Vols. Containing 148 
Double Plates, with Portraits and Copious Descriptive Letterpress. Impl. 410, 
half-morocco. Price, complete, £1 2 1 2s. ; or each Volume sold separately 
at £3 3s. P«r Volume. Descriptive List of Contents on application. 

GAS W0RK5, 

Their Construction and Arrangement, and the Manufacture and Distribution 
of Coal Gas. By S. Hughes, C.E. Ninth Edition. Revised, with 
Notices of Recent Improvements by Henry O'Connor, A.M. Inst.C.E. 
Crown Svo, cloth 6/- 

" Will be of infinite service alike to manufacturers, distributors, and consumers."— /u>rcman 
Engineer. 
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PNEUMATICS, 

Including Acoustics and the Phenomena of Wind Currents, for the use of 
Beginners. By Charlbs Tomlinson, F.R.S. Crown 8vo, cloth . 1/6 

FOUNDATIONS AND CONCRETE WORKS. 

With Practical Remarks on Footings, Planking, Sand, Concrete, B^ton, 
Pile-driving, Caissons, and Co£ferdams. ByE. Dobson. Crown 8vo, 1/6 

BLASTING AND QUARRYING OP STONE, 

For Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By Gen. Sir J. Burgoynb, K.C.B. Crown 8vo, cloth . . 1/6 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidenu, their Cause and Prevention ; with a De- 
scription of Modem Appliances and Systems. By Clbmbnt £ Strbti on, 
C.E. Third Edition, Enlarged. Crown 8vo, cloth .... 8/6 

" A book for th« wigineer, th« dlracton, th« nuuuven ; and. In short, aJl iHio wlih for 
nformadoa on railway matton will find a paifact •ncyclopmUa in * Safa Raliwajr Wofidnc.' "— 
Railway JUtritw. 



ENGINEERING STANDARDS COM- 
MITTEE'S PUBLICATIONS. 



I. 



2. 



The Engineering Standards Committee is the outcome of a 
Committee appointed by the Institution of Civil Engineers at the instance 
of Sir John Wolfe Barry, K.C.B., to inquire into the advisability of 
Standardising Rolled Iron and Steel Sections. 

The Committee is supported by the Institution of Civil Engineers, the 
Institution of Mechanical Engineers, the Institution of Naval Architects, 
the Iron and Steel Institute, and the Institution of Electrical Engineers ; 
and the value and importance of its labours has been emphatically 
recognised by His Majesty's Government, who have made a liberal grant 
from the Public Funds by way of contribution to the financial resources of 
the Committee. 

Reports already Published : — 

BRITISH STANDARD SECTIONS (9 lists). 
Angles, Equal and Unequal. — Bulb Angles, Tees and Plates. — 
Z AND T Bars. — Channels. — Beams, Net 1/0 

TRAMWAY RAILS AND FISH-PLATES: STANDARD 

SECTIONS AND SPECIFICATION. Net 21 /O 

REPORT ON THE INFLUENCE OF GAUGE LENGTH. 

By Professor W. C. Unwin, F.R.S. Net 2/6 

PROPERTIES OF STANDARD BEAMS. 

{Included in No. t.) Net MO 

STANDARD LOCOMOTIVES FOR INDIAN RAIL- 
WAYS. Net 1 0/6 

PROPERTIES OF BRITISH STANDARD SECTIONS. 

Diagrams, Definitions, Tables, and Formulae. Net 6/0 

TABLES OF COPPER CONDUCTORS AND THICK- 
NESSES OP Dl. ELECTRIC. Net 2/6 

SPECIFICATION FOR TUBULAR TRAMWAY POLES. 

Net 5/0 

9. SPECIFICATION AND SECTIONS OF BULL-HEADED 

RAILWAY RAILS. Net 10/6 

lo TABLES OF PIPE FLANGES. Net 2/6 



5. 



6. 



8. 
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Engineering Standards Committee's Reports— continued. 

11. SPECIFICATION & SECTIONS OF FLAT-BOTTOMED 

RAILWAY RAILS. I^ei 10/6 

12. SPECIFICATION FOR PORTLAND CEMENT. j\ret 2/6 

13. SPECIFICATION FOR STRUCTURAL STEEL FOR 

SHIPBUILDING. JV'et 2/6 

14. SPECIFICATION FOR STRUCTURAL STEEL FOR 

MARINE BOILERS. J\ret 2/6 

16. SPECIFICATIONS AND TABLES FOR TELEGRAPH 

MATERIALS. Net 10/6 

17 INTERIM REPORT ON ELECTRICAL MACHINERY. 

Net 2/6 

19. REPORT ON TEMPERATURE EXPERIMENTS ON 

FIELD COIL5 OP ELECTRICAL MACHINES. Net 5/O 

20. BRITISH STANDARD SCREW THREADS. Net 2/6 

21. BRITISH STANDARD PIPE THREADS. Net 2/6 

22. REPORT ON EFFECT OF TEMPERATURE ON 

INSULATING MATERIALS. Net Q/Q 

23. STANDARDS FOR TROLLEY GROOVE AND WIRE. 

^^^^^^^^^^^^^^^^^^^^ mt 1/0 

MARINE ENGINEERING, SHIPBUILDING, 

NAVIGATION. ETC. 



MARINE ENGINES AND BOILERS. 

Their Design and Construction. A Handbook for the Use of Students, 
Engineers, and Naval Constructors. Based on the Work " Berechnun^ und 
Konstruktion der Schiffsmaschinen und Kessel^" by Dr. G. Bauer, Engineer- 
in-Chief of the Vulcan Shipbuilding Yard, Stettin. Translated from the Second 
German Edition by E. M. Donkin, and S. Bryan Donkin, A.M.LC.E. 
Edited by Leslie S. Robertson, Secretary to the Engineering Standards 
Committee, M.I.C.E., M.LM.E., M.I.N.A., &c. With numerous Illustrations 
and Tables. Medium 8vo, cloth. [Jusi Published. 26/° Net. 

Summary op Contents :— part I.— MAIN ENGINES.— Determination op Cylin- 
der Dimensions.— The Utilisation op Steam in the Engine.— Stroke op Piston. 
—Number op Revolutions.— turning moment.— balancing op the Moving Parts, 
—arrangement op main engines.— details op main engines.— the cylinder.- 
Valves.— Various Kinds op Valve Gear.— Piston Rods.— Pistons.— Connecting 
ROD AND CROSSHEAD. — Valve gear rods.— Bed Plates. — Engine Columns,— 
Reversing and Turning Gear, part il— pumps.— Air, Circulating Feed, and 

AUXILIARY PUMPS. PART III.— SHAFTING, RESISTANCE OF SHIPS, PROPELLERS. 

—Thrust Shapt and Thrust block.— Tunnel Shapts and plummbr Blocks.— 
SHAPT Couplings.— Stern tube.— The screw propeller.— Construction op the 
Screw. PART IV.— PIPES AND CONNECTIONS.— General Remarks, Flanges. 
Valves, &c— Under Water Fittings.- Main Steam, auxiliary steam, and 
EXHAUST Piping.— Feed Water, Bilge, ballast and Circulating Pipes. PART v.— 
STEAM BOILERS.— Firing and the Generation op Steam.- Cylindrical boilers. 
— Locomotive boilbr.s. — Water-Tubb Boilers. — Small tube Water-Tube 
Boilers.— Smoke Box.— funnel and Boiler Lagging.— Forced Draught.— boiler 
Fittings AND MOUNTINGS. PART VI.— MEASURING INSTRUMENTS. PART VII.- 
various details.— bolts, nuts, screw threads, &c.— platporms, gratings, 

Ladders. — Found 4Tions. — Seatings. — Lubrication Ventilation op Engine 

ROOMS.— Rules POR spare gear. PART VIII.— ADDITIONAL TABLES. 

"This handsome volume contains a comprehensive account of the design and construction of 
modem marine engines and boilers. Its arrangement is excellent, and the numerous illustrations 
represent recent practice for all classes of warships and vessels of the mercantile marine. His 
position as Engineer-in-Chie^ of the great Vulcan Works at Stettin gave the author special facilities 
tor selecting illustrations from the practice of that firm, which has built many of the swiftest tvpes 
of steamshiDS for both war and commerce. Other German firms and the Grerman Admiralty nave 
been eoually generous in contributing information, while a large proportion of the illustrations is 
drawn from English technical journals and the proceedings of our engineering societies. American 
practice is also represented. The compilation has been laborious, no doubt, but it constitutes a 
valuable book of reference and a treasury of information. The English editor and his assistants 
have done their work well, both in translation and in the conversion of metric to English measures." 
—The Times, 
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THE NAVAL ARCHITBCT'S AND SHIPBUILDER'S 

POCKBT-BOOK 

Of Formnla, Rales, and Tables, and Marine Engineer's and Sarveyor's Handy 
I Book of Reference. By Clsmbnt Mackrow, M.I.N. A. Eighth Edition, 

I carefully Revised and Enlarged. Fcap., leather . Net 1 2/6 

SUMMARY OP CONTBNTS:— SIGNS AND SYMBOLS, DBCIUAL FRACTIONS.— TRIGO- 
NOMBTRY.— PRACTICAL GBOMBTRY.— MBNSURATION.-ICbNTRBS AND MOMBNTS OP 
FIGURBS.— MOMBNTS OP iNBRTIA AND RADII GYRATION.— ALGBBRAICAL EXPRBSSIONS 
POR SIMPSON'S RULBS.— MBCHANICAL PRINCIPLBS.— CBNTRB OP GRAVITY.— LAWS OP 
MOTION. —DISPLACBMBNT, CBNTRB OP BUOYANCY.— CBNTRB OP GRAVITY OP SHIP'S 
HUIX.— STABILmr CURVBS AND MBTACBNTRBS.— SBA AND SHALLOW-WATBR WAVBS. 

—Rolling op ships.— propulsion and rbsistancb op vbssbls.— spbbd trials.— 
I Sailing, Cbntrb op Epport.— Distancbs down Rivbrs, Coast Linbs Stbbring and 

ruddbrs op Vbssbls.— Launching calculations and VBLocrriBS.— wbight op 
I Matbrial and Gbar. — Gun Particulars and wbight.— standard Gaugbs.— 

Rivbtbd Joints and rivbting.— strbngth and tbsts op Matbrials.— binding 

AND SHBARING STRBSSBS. — STRBNGTH OP SHAPTING, PiLLARS, WHBBLS, &C. — 
HYDRAULIC DATA, &C. — CONIC SBCTIONS, CATBNARIAN CURVBS. — MBCHANICAL 
POWBRS, WORK.— BOARD OP TRADB RBGULATIONS POR BOILBRS AND ENGINBS.— BOARD 
OP TRADB RBGULATIONS POR SHIPS.— LLOYD'S RULBS POR BOILBRS.— LLOYD'S WBIGHT 

OP Chains.— LLOYD'S scantlings por Ships.— Data op Enginbs and vbssbls.— 
SHIPS' Fittings and tbsts.— sbasoning prbsbrving timbbr.— mbasurbmbnt op 

TIMBBR.— ALLOYS, PAINTS, VaRNISHBS.— DATA POR STOWAGB.— ADMIRALTY TRANS> 
PORT RBGULATIONS. — RULBS POR HORSB-POWBR, SCRBW PROPBLLBRS. &C.— PBR- 
CBNTAGBS POR BUTT STRAPS.— PARTICULARS OP YACHTS.— MASTING AND RIGGING. 
— DISTANCBS OP. FORBIGN PORTS.— TONNAGB TABLBS.— VOCABULARY OP PRBNCH AND 
ENGLISH TBRMS.— ENGLISH WBIGHTS AND MBASURBS.— FORBIGN WRIGHTS AND MBA- 
SURBS.— DBCIMAL EQUIVALBNTS.— USBPUL NUMBBRS.— CIRCULAR MBASURBS.— AREAS 
OP AND CIRCUMPBRBNCBS OP CiRCLBS.— ARBAS OP SBGMBNTS OP CIRCLBS.— TABLBS 
OP SQUARBS and CUBBS AND ROOTS OP NUMBBRS.— TABLBS OP LOGARITHMS OP NUM- 
BERS.— TABLBS OP HYPERBOLIC LOGARrrHMS.— TABLBS OP NATURAL SiNBS, TANGBNTS, 
—TABLBS OP LOGARITHMIC SiNBS, TANGBNTS, &C. 

" In these davs of adranced knowledge a work like this Is of the gteatest value. It contains 
a vast amount of In&rmatlon. We unheiitatinghr say that It is the most valuable compilation for Its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, teaman, 
wood or mm shipbuilder, can afford to be without this work."— AaWMw/ Magtutiiu. 

" Should be used by all whr are engaged in the construction or design of vessels. . . . WIU 
be found to contain the most useful tables and fonnulse required by shipbuilders, collected fhnn the 
best authorities, and put together in a popular and simple form. It s of exceptional merit."— 
En^irtttr. 

" A pocket-book of this description must be a necessity in the shipbulkUng trade. It con- 
tains a mass of useful information deariy expressed and presented in a handy fotm." —Mmritu 
Ettgineer. 

WANNAN'5 MARINE BNQINBER'5 GUIDE 

To Board of Trade Examinations for Certificates of Competency. Containing 
ail Latest Questions to Date, with Simple, Clear, and Correct Solutions; 
303 Elementary Questions widi Illustrated Answers, and Verbal Questions 
and Answers complete Set of Drawings with Statements completed. By 
A. C. Wannan,C.E., Consulting Engineer, and E. W. I. Wannan, M.I.M.E., 
Certificated First Class Marine Engineer. With numerous Engravings. Fourth 
Edition, Enlarged. 500 pages. Large crown 8vo, cloth . . Net 10/6 
" The book Is clearly and plainly written and avoids unnecessary explanations and fonnulas, 
and we consider it a Suable book for students of marine engineering."— ivawMca/ Magatnne. 

WANNAN'S MARINE ENQINEER'5 POCKET-BOOK. 

Containing Latest Board of Trade Rules and Data for Marine Engineers. 

By A. C. Wannan. Third Edition, Revised, Enlarged, and Brought up to 

* Date. Square z8mo, with thumb Index, leather ff /O 

"There is a great deal of useful information in this little pocket-book. It is of the rule-of- 
thumb order, and is, on that account, well adapted to the uses of the sea-going engineer."— 
Engineer. 

MARINE ENGINES AND STEAM VESSELS. 

By R. Murray, C.E. Eighth Edition, thoroughly Revised, with Additions 
by the Author and by George Carlisle, C.E. Crown 8vo, cloth . 4/6. 
" An indispensable manual for the student of marine engineering." — Liverpool Mercury. 

ELEMENTARY MARINE ENQINEERINQ. 

A Manual for Young Marine Engineers and Apprentices. By J. S. Brbwsr. 

Crown 8vo, cloth |/6 

" A useful introduction to the more elaborate text-books."— SctfJ^nMan. 




CHAIN CABLES AND CHAINS. 

Comprising Sixes and Curves of Links, Studs, &&, IitMi for Cables and Chains, 
Chain Cable and Chain Making, Forming and Welding LinkSj Strength of 
Cables and Chains, Certificates for Cables, Markine Cables, Prices of Chain 
Cables and Chains, Historical Notes, Acu of Parliament, Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables, &c., &c By 
Thomas W. Traill,* F.£.R.N., M.InstX.E., £ngineer-Surveyor-in-Chief, 
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments, 
and General Superintendent, Lloyd's Committee on Proving Establishments. 
With numerous Tables, Illustrations, and Lithographic Drawings. Folio, 

cloth . . iK2 2s. 

" It contains a vaic imwint of ▼aluabto imoonatloii. Noridmr mmm to be wanting to make i 
a complete and nanrlard work of rafiMaDco oo tbo subject."— A'auMra/ Magatritu. 



THE SHIPBUILDING INDUSTRY OF QERMANY. 

Compiled and Edited by G. Lbhmann-Fblskowski. With Coloured Prints, 
Art Supplements, and numerous Illustrations throughout the text. Super- 
royal 4to, cloth ■iV«/'|0/6 

SHIPS AND BOATS. 

By W. Bland. With numerous Illustrations and Models. Tenth Edition. 
Crown 8vo, cloth 1/6 

SHIPS FOR OCEAN AND RIVER SERVICE, 

Principles of the Construction of . By H.A. Sommerfeldt. Crown 8vo 1<6 

AN ATLAS OF ENQ RAVINGS 

To illustrate the above. Twelve large folding Plates. Royai 4to, cloth 7/6 

NAVAL ARCHITECTURE. 

An Exposition of the Elementary Principles. By J. Peakb. Cr. 8vo, 
cloth 3/6 



THE ART AND SCIENCE OF SAILMAKINQ. 

Bt Samubl B. Saolbk, Practical Sailmaker, late in the emplo]rment of 
Messrs. Ratsey and Lamhome, of Cowes and Gosporu Plates. 4(0, cloth. 

12/6 

** This extrameljr practical work gives a complete education in all the blanches 0/ the .iianu* 
lactttte, cutting out, roping, seaming, and goring. It is copiously iUustrated, and will form a fint* 
rate text-book and fpiian. —Portsmouth Itmos. 



SAILS AND SAIL-MAKINQ. 

With Draughting, and the Centre of Effort of the Sails. Weights and 
Sizes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, &c. By 
R. Kipping, N.A. Crown Svo, cloth 2/o 



MASTING, MAST-MAKINQ, AND RIQQINQ OF SHIPS. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, &c., 
relative to every class of vessels. By R. Kifping. Crown Svo, cloth 2/0 



SEA TERMS, PHRASES, AND WORDS 

CTechnical Oictionary of) lued in the English and French Languages 




"This volume will be lilffhly appreciated by teamen , ensineefv pUoo, chlpbullden and <ilup* 
owners. It wUl be found wonderfully accurate and complete. —Scotsman. 

SAILOR'S SEA BOOK: 

A Rudimentary Treatise on Navigation. By James Greenwood, B.A. 
With numerous Woodcuts and Coloured Plates. New and Enlarged 
Edition. By W. H. Rosser. Crown Svo, cloth .... 2/6 
** Is perhaps the best and simplest epitome of navigation ever compiled."— /tV/</. 
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PRACTICAL NAVIQATION. 

Consisting of the Sailor's Sea Book, by J. Greenwood and W. H. Rossrr ; 

together with Mathematical and Nautical Tables for the Working of the 

Problems, by H. Law, C.E., and Prof. J. R. Young .... T/O 

" A vast amount of information is contained in this volume, and we fancy in a very snort 

time that it will be seen in the library of almost every ship or yacht aAoaA."—}iunfs Yachting' 

Magtixifu. 

NAVIQATION AND NAUTICAL ASTRONOMY, 

In Theory and Practice. By Prof. J. R. Young. Crown 8vo, cloth . 2/6 
A very complete, thoroug^h, and useful manual for the young nKvygaXot."— Observatory. 

MATHEMATICAL TABLES, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms, by H. Law, C.E. With Tables for 
Navigation and Nautical Astronomy. By Prof. J. R. Young. Crown 8vo, 
cloth 4/0 



MINING, METALLURGY, AND 
COLLIERY WORKING. 



THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 

PETkOLBUM INDUSTRY. 

A Practical Handbook on the Exploration, Exploitation, and Management 
of Russian Oil Properties, including Notes on the Oriein of Petroleum in 
Russia, a Description of the Theory and Practice of Liquid Fuel, and a 
Translation of the Rules and Regulations concerning Russian Oil Properties. 
By A. Bbbby Thompson, A.M.I. M.E., late Chief Engineer and Manager of 
the European Petroleum Company's Russian Oil Properties. About 500 pp. 
With numerous Illustrations and Photographic Plates, and a Map of the 
Balakhany-Saboontchy-Romany Oil Field. Royal 8vo, cloth. Ntt ^3 8s. 

MECHANICS OF AIR MACHINERY. 

By Dr. J. Weisbach and Prop. G. Herrmann. Authorized Translation 
with an Appendix on American Practice by A. Trowbridge, Ph.B., Adjunct 
Professor of Mechanical Engineering, Columbia University. Royal 8vo, cloth. 

[jMst PubUshed. Net 1 8/0 
Summary of Contents :— The Movement of Air.— Natural and artificiai, 
VENTILATION. — Blowing-Engines;— Vacuum PUMPS; Tuyeri^ ; hot-air Blast; 
Work performed by Blowers ; Blast.rfjsRrvoirs ; piston-blowers.- Compres- 
sors.— Rotary Blowers.— Fans.— Recent American practice &c. 

MACHINERY FOR METALLIFEROUS MINES. 

A Practical Treatise for Mining Engineers, Metallurgists, and Managers of 

Mines. By £. Hbnry Davibs, M.£., F.G.S. 600 pp. With Folding Plates 

and otber Illustrations. Medium Bvo. cloth .... Net 2fi/0 

" Deals exhaustivelsf with the many and complex details which ^o to make up the sum total of 

machinery and other requirements for the successiul workin{; of metalliferous mines, and as a book 

of ready reference is of the highest value to mine manas^ers and directors." — Mining jfoum^ 

THE DEEP LEVEL MINES OF THE RAND, 

And their Future Development, considered from the Commercial Point of View. 
By G. A. Denny (of Johanneshurg), M.N.£.I.M.£., Consulting Engineer to 
the General Mining and Finance Corporation, Ltd., of London, Berlin, Paris, 
and Johannesburg. Fully Illustrated with Diagrams and Folding Plates. 

Royal 8vo, buckram Net 20/0 

*' Mr. Denny by confining himself to the consideration of the fiiture of the deep-level mines 
of the Rand breaks new ground, and by dealing with the subject rather from a commercial stand- 
point than from a scientific one, appeals to a wide circle of readers. The book camiot fiail to prove 
of very great value to investors in South African mines."— Aftntn^ youmaU 

PROSPECTING FOR GOLD. 

A Handbook of Practical Information and Hints for Prospectors based on 
Personal Experience. By DaniblT. Rankin, F Jl.S.G.S., M.R.A.S. , formerly 
Manager of the Central African CEompany, and Leader of African Gold Pros- 
pecting Elxpeditions. With Illustrations specially Drawn and Engraved for 

the Work. Fcap. 8vo, leather Net 7/6 

" This well-compiled book contains a collection of the richest gems of useful knowledge for 

the prospectors benefit. A special table is given to acct.lerate the spotting at a glance of minerals 

associated with ^kMl.'— Mining jfoumal. 
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THE METALLURGY OP GOLD. 

A Practical Treatise oo the MetallnrKical Treatment of Gold-bearins Ores. 
Including the Assaying, Melting, and Refining of Gold. By M. Eisslbx, 
M.Inst. M.M. ^ Fifth Edition, Enlarged. With over 300 Illustrations and 

aumeroos Folding Plates. Medium 8vo, cloth .... Nti 21/0 

•I 

namtiTe 

THE CYANIDE PROCESS OF GOLD EXTRACTION, 

And its Practical Application on the Witwatersrand Gold Fields and elsewhere. 

By M. £issLBR, M.Inst. M.M. With Diagrams and Working Drawings. 

Third Edition, Revised and Enlarged. 8vo, cloth .... N$t 7/6 

'? This book, is Just what was tieeded to acqujdnt mining men .with the actual working of a 
process which is not only the most popular, but is, as a genend rule, the most iuocessAil lor the 
extraction of gold from tamogs."— Mining yot4rttal, 

DIAMOND DRILLING FOR GOLD & OTHER MINERALS. 

A Practical Handbook on the Use of Modem Diamond Core Drills in Pro- 
specting and Exploiting Mineral-Bearing Properties, including Particulars of 
the Costs of Apparatus and Working. By G. A. Denny, M.N.E.Inst.M.E., 
M.Iq^t.M.M. Medium 8vo, x68 pp., with Illustrative Diagrams 12/6 

" There is certainly scope for a work on diamond drilling, and Mr. Denny deserves grateful 
recognition for supplying a decided want."— Afrnm;^ youmai. 

GOLD ASSAYING. 

A Practical Handbook, giving the Modus Operandi for the Accurate Assay of 
Auriferous Ores and Bullion, and the Chemical Tests reauired in the Processes 
of Extraction bv Amalgamatioa, Cyanidation, and Chlorination. With an 
Appendix of Tables and Statistics. By H. Joshua Phillips, F.I.C.,F.C.S., 
Assoc. Inst.C.E., Author of "Engineering Chemistry," &c. With Numerous 
Illustrations. Large Crown 8vo, cloth Net 7/6 

FIELD TESTING FOR GOLD AND SILVER. 

A Practical Manual for Prospectors and Miners. By W. H. Mbrritt, 
M.N.E.Inst.M.E., A.R.S.M., &c. With Photographic Plates and other 

Illustrations. Fcap. 8vo, leather Net 5/0 

"As an instructor of prospectors' classes Mr. Merritt has the advantage of knowing 
exactly the information likely to be most valuable to the miner in the field. The contents cover 
all the details of sampling and testing gold and silver ores. A useful addition to a prospector's 
kit."— Afmiiv' Joumal. 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in search of MetaN Bearing or other 
Valuable Minerals. By J. W. Andbxson, M.A. (Camb.), F.R.G.S. Tenthv 
Edition. Small crown 8vo, 8/6 cloth ; or, leather .... 4/6 

** will supply a much-felt want, especialW among Colonists, In whose way are to often thrown 
many mineralogical specimens the value of which it is difficult to determine."— £«%<H«rr. 

** How to find commercial minerals, and how to identify them when they ue found, are the 
leading points to which attention Is directed."— AAMnr 3f«*»t'naL 

THE METALLURGY OF SILVER. 

A Practical Treatise on the Amalgamation, Roasting, and Lixiviation of Silver 
Ores. Including the Assaying, Melting, and Refinmg of Silver Bullion. By 
M. EissLBK, M.Inst. M.M. Fifth Edition. Crown 8vo, doth . 10/6 

** A practical treatise, and a technical work which we are convinced will supply a long-felt 
want amongst practical men, and at the same time be of value to students and others Indirectly 
connected with the industries."— Af t'McMf' y0i*rf%ai. 

THE HYDRO-METALLURGY OF COPPER. 

Being an Account of Processes Adopted in the Hydro-Metallurgical Treat* 

ment of Cupriferous Ores, Including the Manufacture of Copper Vitriol, with 

Chapters on the Sources of Supply of Copper and the Roasting of Copper Ores. 

By M. EissLER, M.Inst. M.M. 8vo, doth .... Air^12/6 

" In this volume the various proceMes for the extraction of copper by wet methods are fully 

detailed. Costs are given wh«n available, and a great deal of useful information about the copper 

industry of the world is presented m an interesting and attractive manner."— AAms'm^ ycurnoL 
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THE METALLURGY OP ARQENTIPBR0U5 LEAD. 

A Practical Treatise oq the Smeltins of Silver-Lead Ores and the Refining of 

Lead Bullion. Including Reports on various Smelting Estthlishments and 

Descriptions of Modem Smelting Furnaces and Plants in Europe and America. 

By M. EissLBX, M.Inst. M.M. Crown 8vo, cloth .... 12/6 

" The numerou* metattuiirlcal processes, which are flilly and estemiTely tieated of. embrace 
all the stages experienced in the passage of the lead from the vaiioua natural states to Its Issue fkom 
the refinery as an axtkle of commerce. —/Vwrtfos/ Bnginur. 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Daviks, F.G.S. Sixth Edition, thoroughly Revised and much 
Enlarged by his Son, E. Hknrv Davibs, M.E., F.G.S. 600 pp., with 172 
Illustrations. Large crown 8vo, cloth N§t 1 2/6 

" Neither the practical miner nor the seneral reader, interasted In mines, can hare a better 
book for his companion and his guide."— Jirattiv JfcumaJ. 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davibs, F.G.S., Author of " Metalliferous Minerals," &c. Third 
Edition, Revised and Enlarged by his Son, £. Hbnxt Davibs, M.E., F.G.S. 
With about zoo Illustrations. Crown 8vo, cloth . .1 2/6 

" We do not remember to hare met with any English work on mining matters that contains 
amount of information paciced In equally convenient form."— wf os«mQ). 



It, and Future 



the 

BRITISH MINING. 

A Treatise on the History, Discovery, Practical Development 
Prospects of Metalliferous Mines in the United Kingdom. By Robbkt 
Hunt, F.R.S., late Keeper of Mining Records. Upwards of 950 pp., with 
tjo Illustrations. Second Edition, Revised. Super-royal 8vo, doth £2 2s. 

POCKET-BOOK FOR MINERS AND METALLURGISTS. 

Comprising Rules, Formulss, Tables, and Notes for Use in Field and Office 

Work. By F. Danvbss Powbs, F.G.S., M.£. Second Edition, Corrected. 

Fcap. 8vo, leather 9/0 

"This e«cellent book Is an adminble ewunple of Its Und, and ought to find a laige sale 
: Engtiih-speaking proapecton and mining eng i nee r s. "—Engttuer iH f. 



THE MINER'S HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Mining 
Operations, Ore Dressing, &c For the Use of Students and others interested 
in Mining Matters. Compiled by John Milnb, F.R.S., Professor of Mining 
in the Imperial University of Japan. Third Edition. Fcap. 8vo, leather 7 IS 

"Professor Milne's handbook is sure to be received with favour by all connected vith 
mining, and will be eztrmnely popular among students."— ^<A«m«m>m. 

IRON ORES of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age ana Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kkndall, F.G.S., Mining Engineer. Crown 8vo, doth . . 1 6/0 

METALLURGY OF IRON. 

Containing History of Iron Manufacture, Methods of Assay, and Analyses 
of Iron Ores, Processes of Manufacture of Iron and Steel, &c. Bv 
H. Bauermak, F.G.S., A.R.S.M. With numerous Illustrations. Sixtn 
Edition, revised and enlarged. Crown 8vo, cloth .... Q/Q 

" Carefully written, it has the merit of brevity and conciseness, as to less im[>ortant [>oints; 
while all material matters are very fully and thoroug'hly entered into." — Standard, 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct-Acting Underground Steam 

Pumping Machinery. By Stbphbn Michbll. Second Edition, Re-written 

and Enlarged. With 850 Illustrations. Royal 8vo, doth Net 26/0 

HORIZONTAL PUMPING ENGINES.— ROTARY AND NON-ROTARY HORIZONTAL 
ENCmBS.— SIMPLB AND COMPOUND STRAM PUMPS.— VERTICAL PUMPING ENGINES.— 

Rotary and Non-rotary Vbrtical enginbs.— Simple and Compound Stbam 
Pumps. — triple-expansion steam Pumps. — Pulsating stbam Pumps. — pump 
Valves.— Sinking Pumps. &&, && 

"This vohime contains an immense amount of important and imeiesting new matter. 
The boolc should undoubtedly proTe of fpnat use to all who wish for information on the sub- 
ject"— r*« Engineer. 
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ELECTRICITY AS APPLIED TO MINING. 

By Aknold Lupton, M*Inst.C.E., M.I.M.E., M.I.E.E., late Professor of 
Coal Mining at the Yorkshire College, Victoria University, MininK Engineer 
and Colliery Manager; G. D. Aspinall Park, M.I.E.E., A.M.I.M.E., 
Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College, Victoria 
University ; and Hbrbbrt Pbrkin,M.I.M.£.. Certificated Colliery Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, 
Victoria University. With about 170 Illustrations. Second Edition, Revised 
and Enlarged. Medium 8vo, cloth. [Just Published. Net 1 2/0 

(For Summary op Contbmts, see page 29.) 

THE COLLIERY MANAQER'5 HANDBOOK. 

A Com{»rehensive Treatise on the Laying-ont and Working of Collieries, 
Designed as a Book of Reference for Colliery Managers, and for the Use of Coal* 
Mining Students preparing iox First-class Certificates. B^ Calbb Pamblt, 
Mining Engineer and Surveyor ; Member of the North of England In.nitute of 
Mining and Mechanical Engineers ; and Member of the South Wales Institute 
of Minini; Engineers. With over 1,000 Diagrams, Plans, and other lUustra- 
tions. Fifth Edition, Carefully Revised and Greatly Enlarged. x,2(0 pp. 
Medium 8vo, cloth Net ^1 5s. 

GBOLOGY.— SBARCH POR coal.— MINBRAL LBASBS AND OTHBR HOLDINGS.— 

SHAPT SINKING.— Fitting Up the Shapt and Surpacb arrangbmbnts.— stbam 
Boilers and their Fittings.— timbering and Walung.- Narrow work and 
Methods op working. — Underground Convbyancb. - Drainage.- the Gases 
mbt with in minbs ; ventilation. — on the friction op air in mines. — the 
Priestman Oil Engine : Petroleum and Natural Gas. - Surveying and 
Planning.— Sapety Lamps and Firedamp Detectors.- Sundry and Incidental 
Operations and appliances.— Colliery Explosions.— Miscellaneous Questions 

AND answers.— ^//^/M^<«.- SUMMARY OP REPORT OP H.M. COMMISSIONERS ON 
accidents in MINBS. 

" Eminently suited to the purpose for which tt Is intended, being cleat Interasdng. exhaustive, 
rich in detail, and up to date, giving descriptions of the latest macnines ioeverjr depttrtnieni. A 
mining engineer could scarcelv aro wrong who followed this ^mxikJ^—CoUitry Guardian. 

" Mr. Pamely has not omy given us a c o mprenensive referaoce ooolc of a very high order 
suitable to the requinments of muiing engineers and colliery managers, tnit has also provided 
mining students with a class>book that is as mtfietting as it is instructive."— C«^Mfy Matuigtr. 

"This Is the most complete 'all-rouno' work on coai-mmmg publlsbed in the bngllsb 
language. ... No Hbrary of coRl>mlning bonks Is comolece without ^"— Colliery Stginfr 
(Sctanton. Pa.. U.S.A ). 

PRACTICAL COALMINING. 

An Elementary Class-Book for the Use of Students attending Classes in Pre- 
paration for the Board of Education and County Council Examinations, or 
Qualifying for First or Second Class Colliery Managers' Certificates! By 
T. H. CocKiN, Member of the Institution of Mining Engineers, Certificated 
Colliery Manager, Lecturer on Coal-Mining at Sheffield university College. 
With Map of the British Coal-fields%nd over 200 Illustrations specially Drawn 
and Engraved for the Work. 440 pages, Crown 8vo, cloth . . Net 4/6 

" The style of exposition is lucid, the diagrams are clear, and as a ' first-book' to put into the 
hands of an embryonic colliery manager, the volume is an unquestionable success."— J/<mn^ 
yourftai. 

COLLIERY WORKING AND MANAGEMENT. 

Comprising the Dntieit of a Colliery Managei, cne Oversignt and Arrange- 
ment of Labour and Wage&, and the different Systems of Working Coal 
Seams. By H. F. Bulman and R. A. S. Rbdmavnb. 350 pp., with 
28 Plates and other Illustrations, including Underground Photograohs. 
Medium 8vo, cloth. 1| 5/0 

" This Is, indeed, an admirable Handbook tor Colliery Managets, in fact It Is an indlspensabte 
a IJunct to a Colliery Manager's education, as well as being a most useful and interesang work 
on the subject for all who in any way have to do with coel minii^. The underground photographs 
are an ataractive feature of the woric, being very Ufelike and necessarily true rapcasantadons of the 
scenes they depict."— CoMery Guardian. 

NOTES AND FORMULiC FOR MINING STUDENTS. 

by loHN Hbrman Mbkivalx, M.A., Late Professor of Mining in the Durham 

College of Science, Newcastle-upon-Tjme. Fourth Edition, Revised and 

Enlarged. By H. F. Bulman, A.M.Inst.C.£. Small crown 8vo, cloth. 2/6 

" The author has done his work in a creditable manner, and has produced a book that will 
be of service to students and those who are practically engaged in mining operations/' — Bnetmtr. 
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PHYSICS AND CHEMISTRY OF MINING. 

An Elementary Class*Book for the use of Students preparing for the Board 
of Education and County Council Examinations in Mining, or qualifying for 
Colliery Managers' Certificates. By T. H. Byrom, Chemist to the Wigan 
Coal and Iron Co., Ltd., &c. With Illustrations. Crown 8vo, cloth. 

[Just Publisfud. Net 8/6 

MINING CALCULATIONS. 

For the use of Students Preparing for the Examinations for Colliery 
Managers' Certificates, comprising Numerous Rules and Examples in 
Arithmetic, Algebra, and Mensuration. By T. A. O Donahue, M.E., First- 
class Certificated Colliery Manager. Crown 8vo, cloth . . . 8/6 

COAL AND COAL MINING, 

By the late Sh: Warington W. Smyth, M.A., F.R.S. Eighth Edition, 
Revised and Extended bvT. Forstbr Brown, Chief Inspector of the Mines 
of the Crown and of the Duchy of Cornwall. Crown 8vo, cloth . 8/6 

" Every Dortion of the volume appean to have been prepared with much care, and as an out- 
line it ffiven 01 every known ooal*field m this and other countries as well as of the two principal 
methocw of working, the book will doubtless interest a very large number of readers."— ^tMrn;^" 

INFLAMMABLE QAS AND VAPOUR IN THE AIR 

(The Detection and Meararement of). By Frank Clowbs, D.Sc, Lend., 
F.I.C. With a Chapter on Thb Dbtbction and Mbasurxmbnt op Pbtro* 
LBUM Vapour, by Bovsrton Rxdwood, F.R.S.E. Crown 8vo, cloth. Ntt 5/O 

" Profawor Qow^ea has given as a Tohuae on a subject of much indnsttlal Impoitance . . . 
Thoea Interested la these matteis may be recommended to study this book, which tt easy of compie- 
hansion and contains many good things."— 7%tf Bn^itutr, 

COAL & IRON INDUSTRIES of the UNITED KINGDOM. 

Comprinng a Description of the Coal Fields, and of the Principal Seams of 

Coal^ with Returns of their Produce and its Distribntion, and Analyses of 

Special Varieties. Also, an Account, of the Occurrence of Iron Ores in Veins or 

Seams ; Analjrses of each Variety ; and a History of the Rise and Progress of 

Pig Iron Manufacture. By Richard Mbadk. 8vo, cloth . . £1 8s. 

" a book of rafetence which no one engaged hi the iron or coal tsades should omit from 
his UbiWT."— /rvM mmd CmU Trmdtt Rtvuw. 

MINING TOOLS, 

Manual of. By W. Morgans, Lecturer on Mining at the Bristol School of 
Mines. Crown 8vo, cloth 2/6 

Atlas of Engravings to the above, containing 235 Illustrations drawn to 

Scale. 4to 4/6 

" Students, Overmen, Captains, Managers, and Viewers may gain practical knowledge and 
useful hints by the study of Mr. Morgans' MaiiuaL"—CoUiery Guardian. 

SLATE AND SLATE QUARRYING. 

Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., Mining 

Engineer, &c. With numerous Illustrations and Folding Plates. Fourth 

Edition. Crown 8vo, cloth 3/0 

" One of the best and best-balanced treatises on a special subject that we have met with."— 
Engineer. • 



A FIRST BOOK OF MINING AND QUARRYING. 

By J. H. CoLLiHS, F.G.S. Crown 8vo, cloth . . . . 



1/6 



" For those concerned in schools in the mining districts, this work is the very thing (hat 
should be in the hands of their schoolmasters."— /r^;/. 

A5BE5T05 AND A5BE5TIC. 

Their PropertieiL Occurrence, and Use. By Robbrt H. Jonbs, F.S A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. 



Ten Collotype Plates and other Illustrations. Demy 8vo, doth. 
" An Intenatfaig and bvahiable work."— CM£te»y Guewdian. 

GRAN1TE5 AND OUR GRANITE INDUSTRIES. 

By Gbobgb F. Hakkis, F.G.S. With lUnstnuions. Crown 8vo, doch 



With 
16/0 
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28 CROSBY LOCKWOOD ^ SON'S CATALOGUE, 
MINERAL SURVEYOR AND VALUER'S GUIDE. 

' Comprising a Treatise on Improved Mining Surveying and the Valuation of 
Mining Properties, with New Traverse Tables. By W. Lintern, C.E., 
Fourth Edition, enlarged. Crown 8vo, cloth 3/6 

"Contains much valuable infonnation, and is thoroughly trustworthy." — Iron and Coal 
Trades Review. 

TRAVERSE TABLES. 

For use m Mine Surveying. By William Limtrrh, C.E. With two plates. 
Small crown 8vo, cloth Ntt 3/0 

SUBTERRANEOUS SURVEYING. 

By T. Fenwick. Also the Method of Conducting Subterraneous Surveys 
.without the use of the Magnetic Needle, &c. By T. Baker. Cr. 8vo. 2/6 

MINERALOGY, 

Rudiments of. By A. Ramsay, F.G.S. Fourth Edition. Woodcuts and 
Plates. Crown Svo, cloth 3/6 

PHYSICAL GEOLOGY, 

Partly based on Major-General Portlock's " Rudiments of Geology." By 
Ralph Tate, A.L.S., &c. Woodcuts. Crown Svo, cloth . . 2/0 

HISTORICAL GEOLOGY, 

Partly based on Major-General Portlock's " Rudiments." By Ralph 
Tate. Crown Svo, cloth 2/6 

GEOLOGY, 

Physical and Historical. Consisting of '• Physical Geology," which sets 
forth the Leading Principles of the Science ; and " Historical Geology," 
which treats of the Mineral and Organic Conditions of the Earth at each 
successive epoch. By R. Tate. Crown Svo, cloth .... 4>/6 



ELECTRICITY, ELECTRICAL 
EN GINEERING, ETC. 

THE ELEMENTS OF ELECTRICAL ENGINEERING. 

A First Year's Course for Students. By Tyson Sbwkll, A.I.E.E., Assistant 
Lecturer and Demonstrator in Electrical Engineering at the Polytechnic, 
Regent Street, London. Third Edition, Revised and Enlarged, including an 
Appendix of Questions and Answers. 460 pages, with 274 Illustrations. Demy 
8vo, cloth. [Just Published. Net JIB 

Ohm's Law.— units Employbd in Electrical Engineering. —Series and 
Parallel Circuits; current density and Potential drop in the Circuit.— 
The heating Effect of the Electric Current.— The magnetic Effect of an 
Electric current.— the Magnetisation of Iron.— Electro-Chemistry; primary 
Batteries.— accumulators.— indicating Instruments ammeters, Voltmeters. 
Ohmmeters.— Electricity Supply Meters. —Measuring Instruments, and the 
measurement of electrical resistance, — measurement of potential dlf- 
ference. Capacity Current strength, and Permeability.— Arc Lamps.— incan- 
descent Lamps, Manufacture and installation ; Photometry. — The Con- 
tinuous Current dynamo.— Direct current Motors.— alternating Currents. 
—Transformers, Alternators, Synchronous Motors.— Polyphase working.— 
APPENDIX of Questions and answers. 

*'An excellent treatise for students of the elementary facts connected with electrical 
engineering^."— rA« Electrician. 

" One of the best books for those commencing the study of electrical engineering. Every- 
thing is explained in simple language which even a beginner cannot fail to understand."— ir»v«Me«r. 
" One welcomes this boolc, which is sound in its treatment, and admirably calculated to give 
students the knowledge and information they most require." — Nature. 

ELEMENTARY ELECTRICAL ENGINEERING 

In Theory and Practice. A Class-book for Junior and Senior Students, and 
Working Electricians. By J. H. Alexander, M.6., A.LE.E. With 181 
Illustrations. Crown Svo, cloth. [Just Published. Net 3/6 

THE ELECTRICAL TRANSMISSION OF ENERGY. 

A Manual for the Design of Electrical Circuits. By Arthur Vaughan 
Abbott CE.j Member American Institute of Electrical Engineers, Member 
American Institute of Mining Engineers, Member American Society of Civil 
Engineers, Member American Society of Mechanical Engineers, &c. With 
Ten Folding Diagrams and Sixteen Full-page Engravings. Fotulh Eklition, 
entirely Re- Written and Enlarged. Royal Svo, cloth . Net 30/0 
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ELECTRICITY AS APPLIED TO MININQ. 

By Arnold Lupton, M.Inst.C.E., M.I.M.B., M.I.E E., late Prafenor of 
Coal Mining at the Yorkshire CoU^:e, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinall Park, M.I.E.E., A.M.I.M.E., 
Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Departmenti Yorkshire College, victoria 
University; andHxRBKRT Perkin, M.I.M.E., Certificated Colliery Manager, 
Assistant Lecturer in the Mining DMMurtment of the Yorkshire College. 
Victoria University. With about 170 Illustrations. Second Edition, Revised 
and Enlarged. Medium 8vo, cloth. 1 [/ust Published. Net 1 2/0 

INTRODUCTORY. — DYNAMIC BLBCTRICITY. -- DRIVING OF THE DYNAMO. — THE 

Stbau turbinb.— Distribution op electrical enbrgy.-^tarting and stopping 
EuacTRicAL Generators and Motors.— electric Cables.— central Electrical 
Plants.— Electricity applied to pumping and Hauling.— Electricity appued 
TO Coal-Cutting.— typical electric plants Recently Erected. — Electric 
Lighting by arc and Glow Lamps— Miscellaneous applications of ELECTRicmr 
—electricity as compared wrth other modes of transmriting power.— 
Dangers of elbctricitv. 

"The work is well written, and exactly suited for rapid reference by men to whom time is 
an object of the first \iaport»xic^"— A thenautn. 

" Ougfht to find a place in the library of all who are interested in the latest development of 
this branch of mining^ eag^n'^^nag."— Electrical Review. 

CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 

Their Materials and Manufacture, The Calculation of Circuits, Pole-Line 
Construction, Underground Working, and other Uses. By F. A. C. Pbrrinb, 
A.M., D.Sc. ; formerly Professor of Electrical Engineering, Leland Stanford, 
Jr., University ; M.Amer.I.E.E. 8vo, cloth .... Net 20/0 

CONDUCTOR Materials— ALLOYED Conductors— Manufacture of Wire- 
Wire-Finishing— Wire insulation— Cables— Calculation of Circuits— Kelvin's 
Law of Economy in conductors— Multiple Arc Distribution— alternating 
CURRENT Calculation— overhead Lines— Pole Line— Line Insulators— Under. 

GROUND conductors. 

DYNAMO ELECTRIC MACHINERY: its CONSTRUC- 
TION, DBSIQN, and OPERATION. 

By Samuel Sheldon, A.M., Ph.D., Professor of Phjsicsand Electrical Engi- 
neering at the Polytechnic Institute of Brooklyn, assisted by H. Mason, B.S. 
In two volum$St sold stparately^ as follows : — 
Vol. I.oDIRECT CURRENT MACHINES. Fifth Edition, Revised. Large 
crown 8vo. a8o pages, with aoo Illustrations Net 1 2/0 

Vol IL— ALTERNATING CURRENT MACHINES. Large crown 8vo. 960 

pages, with 184 Illu<ttrations Net 1 2/0 

Designed as Text-books for use in Technical Educational Institutions, and by Engineers 
whose work includes the handlinfir of Direct and Alternating Current Machines respectively, and 
for Students proficient in mathematics. 

DYNAMO, MOTOR AND SWITCHBOARD CIRCUITS 
FOR ELECTRICAL BNdlNBBRS. 

A Practical Book dealing with the subject of Direct, Alternating and Poly- 
phase Currents. By William R. Bowkbr, C.E., M.E., E.E., Consulting 
Tramway Engineer. Svo, cloth Net 6/0 

" Mr. Bowker's book consists chiefly of diag^rams of connections, with short explanatory 
notes, there are over 100 diagrrams, and the cases considered cover all the more important circuits, 
whetlier in direct current, single-phase, or polyphase ■woTk."—Aature. 

ARMATURE WINDINGS oF DIRECT CURRENT DYNAMOS. 

Extension and Application of a General Winding Rule. By E. Arnold, 
Translated from the German by F.B. Dk Grbss. Svo, cloth . Net 12/0 

POWER TRANSMITTED BY ELECTRICITY, 

And applied by the Electric Motor, including Electric Railway Construction. 
By P. Atkinson, A.M., Ph.D. Third Edition, Fully Revised, and New 
Matter added. With 94 Illustrations. Crown Svo, cloth . . Net 9/0 

THE MANAGEMENT OP DYNAMOS. 

A Handybook of Theory and Practice for the Use of Mechanics, Engineers, 
Students, and others in Charge of Dynamos. By G. W. Lummis-Patbkson. 

Third Editi<», Revised. Crown Svo, cloth 4/6 

" The subject Is treated In a manner which any inteUlgeot man who Is fit to be entrusted with 

chaise ol an engine should be able to understand. It Is a nseftil book to ail who make, tend, er 

empwjr electric machinery."— wfreWAict 
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DYNAMO CONSTRUCTION. 

A Practical Handbook for the Um of Encuieer>Coiutnictort and Blectridana* 

iooCharce. Embracing Framework Bauding, Field Magnet and Armatnrr 

Winding and Grouping, Compoandlng, &c. By J. W. Ukqumart. Second 

Rditinn. Snlarsed. with 1x4 Illustrations. Crown 8vo, cloth . 7/6 

" Mr. Urquhut's book It tta« fine on* which daali with thoM mattan In Mch a way that the 

apulnaMlnt midane can tmdamand them. The book I* vanr r— dible. and the autho* toad* hta 

read wi up to dUknk aablacti by teaaoiwbly ilmpla trnttM."— Engineering Review, 

HOW TO MAKE A DYNAMO. 

.\ Practical Treatise for Amatenra. Containing Illustrations and Detailed 
Instructions for Constructing a Small Dynamo to Produce the Electric Light. 
By ALmsD Csom. Seventh Edition. Crown Svo, doth . . 2/0 

WIRELE55 TELEQRAPHY; 

Its Origins, Development, Inventions, and Apparatus. By Charlbs Hbnrv 
Sbwall. With 85 Diagrams and Illustrations. 8 vo, cloth . Ntt 10/6 

SUBMARINE TELEGRAPHS. 

Their History, Construction, and Working. Founded in part on WOnschbm* 
DORFP's " Traits de T6l6graphie Sous-Marine," and Compiled from Authorita> 
tive and Exclusive Sources. By Charlbs Bright, F.R.S.E.,A.M.Inst.C.£., 
M.I.E.E. 780 pp., fully Illustrated, indudii^ Maps and Folding Plates. 

Rojral 8vo, cloth Ntt £3 3s. 

" There are few. If any, persons more fitted to wfhe a treatise on submatlne telography than 
Mr. Charles Bright. He has done his work admirably, and has written in a way wnich will 
appeal as much to the layman as to the engineer. This admirable volume must, for many yean to 
come, hold the position of the English classic on submarine telegraphy."— fm^MMr. 

" This book is full of information. It makes a book of reference which should be in every 
engineer's Ubraiy."— A^o/Mrv. 

ELECTRICAL AND MAGNETIC CALCULATIONS. 

For the Use of Electrical Engineers and Artisans, Teachen, Sttidents, and all 
others interested in the Theorjr and Application of Electricity and Magnetism. 
By Prof. A. A. Atkinson, Ohio University. Crovm Svo, cloth Net 9/0 
** To teachers and those who already possess a fair knowledge of their subject we can recom- 
mend this book as being useful to consult when requiring data or formulae which it is neither con- 
venient nor necessary to retain by memory."— TVIm Electrician. 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopfledia of Words and Terms Used in the Practice of Electrical 
Engineering. Containing upwards of 3^000 definitions. By T. O'Conor 
Sloans, A.M., Ph.D. Thixd Edition, with Appendix. Crown 8vo, 690 pp.i 

IQo Illustrations, cloth Net 7 IS 

"Th9 work has many attractive features hi it, and is, beyond doubt, a well put together and 

useAil publication. The amount of ground covered may be gathered firom the fisct tliat in the index 

about 5,000 references will be touxidJ'—EUetriat/ JUvUm, 

THE ELECTRICAL ENGINEER'S POCKET-BOOK. 

Consisting of Rules, Formulae. Tables, and Data. By H. R. Kbmpb, 
M.I.E.E., A.M.Inst.C.E., Tecnnical Officer Postal Telegraphs, Author of 
" A Handbook of Electrical Testing." Second Edition, aamo, leather 6/0 

" It is the best book of its kiKid."—El*ctncai Englnetr. 

" The Electrical Engineer's Pocket-Book is a good viM."'~Ekcir4cian. 

" Strongly recommended to those engaged hi the electrical industries."— /7itoMea/ Review, 

ELECTRIC LIQHTINQ (ELEMENTARY PRINCIPLES OF). 

By Alan A. Campbell Swinton, M.InstCE., M.I.E.E. Sixth Edition, 
with z6 Illustrations. Crown Svo, cloth 1/6 

ELECTRIC LIGHT. 

Its Production and Use, Embodi^ng Plain Directions for the Treatment of 

D3n:iamo-£lectric Machines, Batteries, Accumulators, and Electric Lamps. 

By J. W. UsQUHAXT, C.S. Seventh Edition. Crown Svo. cloth . 7/6 

"The whole ground of electric lighting is more or less co tesed and eisplai&ed hi a very cleat 

and concise maxakeit."—BUctfical Review. 

ELECTRIC LIGHT FOR COUNTRY HOUSES. 

A Practical Handbook on the Erection and Rimning of Small Installation:», 
with Particulars of the Cost of Plant and Working. By J. H. Knight. 
Fourth Edition, Revised. Crown 8vo, wrapper 1 /O 
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ELECTRIC LIGHT PITTINQ. 

A Handbook for Working Electrical Bngineers, embodyins Practical Notes on 
Installation Management. By J. W. Ukquhaxt. with nomeroas Illostra- 
tions. Fourth Edition, Revised. Crown Svo, doth 6/0 

••This Toluma deals with the mechanfars ot elecnlc HghtlDg. aad Is addfessed to men who 
an abeady enfaged bthe work, or are training for It The work t r aTersas a fpreat deal of ground, 
and may be read, as a saqnel to the author's usefol work on * Electric Light. "^—JV/K«rMe». 

ELECTRIC 5HIP-LIQHTINQ. 

A Handbook on the Practical Fitting and Rnnning of Ships' Electrical Plant. 

Engii 
andf 

" Mr. Urquhart Is to be highly complimented for placing such a Taluable work at the service 
of marine electricians."— 7%< 5ttamtA$^. 

DYNAMIC ELECTRICITY AND MAGNETISM. 

Bv Philip Atkinson, A.M., Ph.D.^ Author of "Elements of Smnc 
Rlectricity." &c. Crown 8vo. 4x7 PP*, with xeo Illustrations, cloth . |0/6 

THE STUDENT'S TEXT- BOOK OF ELECTRICITY. 

By H. M. NoAO, F.R.S. 650 pp., «ritb 470 Illuscrauons. Crown 8vo, cloth. 

9/0 




ARCHITECTURE, BUILDING. ETC. 



SPECIFICATIONS IN DETAIL. 

By Frank W. Macby, Architect, Author of "Conditions of Contract." 
Second Edition, Revised and Enlarged, containing 644 pp., and 2,000 Illustra« 

tions. Royal 8 vo, cloth . . 'A^i?^ 21/0 

Summary op Contents:— Gbnbral Notes (including Points in spbcipication 

WRITING, THB order OF A SPECIFICATION, AND NOTES ON ITEMS OFTEN OMITTED 
FROM A SPECIFICATION).— FORM OF OUTSIDE COVER TO A SPECIFICATION.- SPECIFICA- 
TION OF WORKS AND LIST OF GENERAL CONDITIONS.— PRELIMINARY ITEMS (INCLUDING 
SHORING AND HOUSE BREAKER).— DRAINAGE (INCLUDING RAIN-WATER WELLS AND 

Reports).- EXCAVATOR (including Concrete floors, Roofs, Stairs and walls). 

—PAVIOR.— BRICKLAYER (INCLUDING FLINTWORK, RIVER AND OTHER WALLING. SPRING- 
WATER Wells, storage Tanks, fountains. Filters, Terra Cotta and Faience).— 
Mason.— Carpenter, Joiner Ai<n> ironmonger (including Fencing and Piling).- 
SMrni and Founder (including heating, Fire Hydrants, stable and Cow-house 

FITTINGSK— SLATER (INCLUDING SLATE MASON).— TiLER.— STONE TILER.>SHINGLER.— 

Thatcher, — Plumber (including Hot-water work). — Zincworker. — copper- 
smith. — Plasterer, — Gasfitter. — bellhangbr. — Glazier. — Painter. — paper- 
hanger.— general Repairs and alterations. -Ventilation. — roai>-kaking. — 
Elbctric Light.— index. 

"We strons^ly advise every student to purchase the volume and carefully study, while to the 
older practitioner we would say, have it by you as a most useful work of reference."— y^ncA</'fc/»ra/ 
Association Notes. 

LOCKWOOD'5 BUILDER'S PRICE BOOK for 1906. 

A Comprehensive Handhook of the Latest Prices and Data for Builders, 
Architects, Engineers, and Contractors. Re-oonstructed, Re-written, and 
Greatly Enlarged. By Francis T. W. Millbr. 8ao closely-printed pages, 
crown 8vo, cloth. [/wj/ Published iXIQ 

" This book Is a venr useful one, and should find a place In eveiy English oibce connoct^sd 
with the bulldln|[ and engineering pnxlts^xiit."—/tid$istriu, 

*' An excellent book of refeceoca."— ^rcAMtf. 

" Comprehensive, idlabia, well arranged, legible and well l>oiwd.'*-~SrMsh Architect. 

PRACTICAL BUILDING CONSTRUCTION. 

A Handbook for Students Preparing for Examinations, and a Book of 

Reference for Persons Engaged in Building. By John Parnell Allen, 

Surveyor, Lecturer on Building Construction at the Durham College of 

Science, Newcastle-on-T3n:ie. Fourth Edition, Revised and Enlarged. 

Medium 8vo, 570 pp., with over x,ooo Illustrations, cloth . . Net 7/6 

" The most complete exposition of building construction we have seen. It contains all that is 
.itscessary to prepare students for examinations In building construction."— ,5M«/^ftf<f News. 

" The author depends nearly as much on his diagnuns as on his type. The pageS sugec^t 
the hand of a man of experience in building operations—and the volume must be a blessi.tg to 
many teachers as well as to students."— 7Ae ArckiUct. 
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SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to ch« Architect, Sngineer, Surveyor, and Boilder. Upon the Basis 
of the Wtvkby A. Baxtholombw, Revised, by F. Rogkks. 8vo, cloth 1 6/0 



" One ol the books with whkh utmty young aichlfcect inoft be •quipped, "—jj rehitttt. 

SCIENCE OF BUILDING: 

An Elementary Treatise on the Principles of Construction. By E. Wynd- 
HAM Takn, M.A. Lond. Fourth Edition. Crown 8vo, cloth . 3/6 

ART OF BUILDING, 

Rudiments of. General Principles of Construction, Character, Strength, 
and Use of Materials, Preparation of Specifications and Estimates, &c. 
By Edward Dobson, M.Inst.C.E. Fifteenth Edition, revised by J. P. 
Allkn, Lecturer on Building Construction at the Durham College of 

Science. Crown 8vo, cloth 2/0 

" A g^ood book for practical knowledge, and about the best to be obtained." — Building News. 

BOOK ON BUILDING, 

Civil and Ecclesiastical. By Sir Edmund Beckett, Bart., LL.D. Second 

Edition. Crown Svo, cloth 4/6 

" A book which is always amusinj^ and nearly always instructive." — Times. 

BUILDING ESTATES: 

A Treatise on the Development, Sale, Purchase, and Management of 
Building Land. By F. Maitland. Fourth Edition. Crown Svo, cloth 2/0 
" This book should undoubtedly be added to the library of every professional man dealing 
with building land." — Land A,^enes Record. 

COTTAGE BUILDING. 

By C. Bruce Allen. Twelfth Edition, with Chapter on Economic 
Cottages for Allotments by E. E. Allen, C.E. Crown Svo, cloth . 2/0 

DWELLING-HOUSES, 

Erection of, illustrated by a Perspective View, Plans, Elevations, and 
Sections of a Pair of Villas, with the Specification, Quantities, and Estimates. 
By S. H. Brooks. Crown Svo, cloth 2/6 

FARM BUILDINGS: 

Their Arrangement and Construction, with Plans and Estimates. By Pro- 
fessor J. Scott. Crown Svo, cloth 2/0 

** No one who is called upon to design farm buildings can afford to be without this work." — 
Builder. 

SHORING, 

And its Application. By G. H. Blagrove. Crown Svo, cloth . .1/6 
" We recommend this valuable treatise to all students." — Building News. 

ARCHES, PIERS, BUTTRESSES. 

By William Bland. Crown Svo, cloth 1/6 

PRACTICAL BRICKLAYING. 

General Principles of Bricklaying; Arch Drawing, Cutting, and Setting, 
Pointing; Paving, Tiling, &c. By Adam Hammond. With 68 Woodcuts. 

Crown Svo., cloth 1/6 

" The youngs bricklayer will find it infinitely valuable to Yam."— Glasgow Herald. 

ART OF PRACTICAL BRICK-CUTTING AND SETTING. 

By Adam Hammond. With 90 Engravings. Crown Svo, cloth . "I /© 

BRICKWORK: 

Embodying the General and Higher Principles of Bricklaying, Cutting and 
Setting; with the Application of Geometry to Roof Tiling, &c. By F. 

Walker. Crown Svo, cloth 1/0 

•'Contains all that a student needs to learn from hoolcs."— Building News. 

BRICKS AND TILES, 

Rudimentary Treatise on the Manufacture of. Containing an Outline of 

the Principles of Brickmaking. By E. Dobson, M.R.I.B.A. Additions by 

C. ToMLiNSON, F.R.S. Illustrated. Crown Svo, cloth . 3/Q 

" TIm best handbook on the subject. We can reconunend it as a good investment.**— ^Mt/i^r. 
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PRACTICAL BRICK AND TILE BOOK. 

Comprising: Brick and Tile Making, by E. Dobsom, M.Inst.C.E. ; Practical 
Bricklaying by A. Hammond, Brick-Cutting and Setting, by A. Hammond. 
550 pp., with 270 Illustrations, strongly half -bound .... 6/0 

PRACTICAL MASONRY. 

A Guide to the Art of Stone Catting. Comprising the Constmction, Setting* 
Out, and Working of Stairs, Circnlar Work, Arch^, Niches, Domes, Penden- 
tivesj Vaults, Tracery Windows, &c. ; to which are added Supplements 
relating to Masonry Estimating and Quantity Surveying, and to Building 
Stones and Marbles, and a Glossary of Terms. For the Use of Students, 
Masons, and Craftsmen. By W. R. Purchasr, Building Inspector to th' 
B<Mrough of Hove. Fifth Edition, Enlirged. Royal 8vo, 926 pp., with 5a 
Plates, comprising over 400 Diagrams, cloth ^et 7/6 

" The book b a pimctical treatise. Most of the examples given are from actual work 
carried out. it should be found of genecal utility to architectural students and others, a« well as t« 
those to whom It is SDedalhr addressed."— y«MrMa/ ^tJU Xcyal IngtUuU ^BrUtsh ArchUuts. 

MASONRY AND STONECUTTING, 

The Principles of Masonic Projection, and their Application to Construc- 
tion. By £. DOBSON, M.R.I. B.A. Crown 8vo, clotn .... 2/6 

MODERN LIQHTNINQ CONDUCTORS. 

An Illustrated Supplement to the Report of the Lightning Research Com- 
mittee of 1905, with Notes as to the Methods of Protection, and Specifica- 
tions. By KiLLiNGWORTH HEDGES, M.Iost.C.E., M.I.E.E., Honorary 
Secretary to the Lightning Research Committee, Author of ** American 
Street Railways." Medium 8vo, cloth. {Just Published. Net 6/6 

" The illustrations are very interesting and give one a clear idea of what is likely to happen 
when a building is struck by lightning. Mr. Hedges' suggestions of possible reasons why certain 

Protected buildings were struck are instructive. He also explains the modern methods of fitting 
uildings with lightning conductors. To the ordinary reader the book will be of interest, and to 
anyone who has to design a system for protecting a building from lightning strokes it will be 
helpful."— ^«f/rf<rr. 

" The damage done by lightning to various buildings throughout the country is shown by 
sketches and photographs which make the path of the lightning clear. In the book will be found 
the suggestions and rules of the Research Coniniittee, which were drawn up after a consideration 
of the reports on a large number of lightning strokes. These are commented on bjr the author, 
who gives also some specifications whicn will guide surveyors and architects in the right 
direction. . . . The infonnation given in the volume is most valuable." — Electrical Engineer. 

MODERN PLUMBING, 5TEAM AND HOT WATER 
HBATINQ. 

A Work for the Plumber, the Heating Engineer, the Architect, and the Builder. 
By J. J. Lawler. With 384 Illustrations. 4to, cloth . Net 21/- 

PLUMBINQ : 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 

Chapters upon House Drainage and Ventilation. By Wm. Paton Buchan. 

Ninth Edition, with 512 Illustrations Crown 8vo, cloth . . . 3/6 

" A text-book which may be safely put into the hands ot every young plumber, and which 

will also be found useful by architects ancf medical professors."— ^MiVafer. 

HEATING BY HOT WATER. 

VENTILATION AND HOT WATER SUPPLY. 

By Walter Jones, M.LM.E. 360 pages, with 140 Illustrations. Medium 
8vo, cloth Net 6/0 

THE PRACTICAL PLASTERER: 

A Compendium of Plain and Ornamental Plaster Work. By W. Kemp. 
Crown 8vo, cloth 2/0 

CONCRETE: ITS NATURE AND U5E5. 

A Book for Architects Builders, Contractrrs, and Clerks of Works. By 
G. L. SuTCLiFFE, A.R.LB.A. Second Edition, Revised and Enlarged. 396 
pp., with Illustrations. Crown 8vo, cloth. \Just Published. I^'et 9/0 

"The author treats a difficult subject In a lucid mannef. The manual fills a long-felt gap. 
is careful and exhaustive ; equally useful as a student's guide and an architect's booic of 
reteience."— T^MTHo/ ^tiu Royal JftstUut* 0/ British ArchUtcts. 
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PORTLAND CEMENT FOR USERS. 

By the late HKJiRY Faija, M.Inst.C.E. Fifth Edition. Revised and 

Enlarged by D. B. Butler, A. M.Inst.C.E. Crown 8vo, cloth . . 3/0 

" Supplies in a small compass all that is necessary to be known by users of cement." — 
Buildin£^ News. 

LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTBRINO, Ac. 

By G. R. BuRNELL, C.E. Fifteenth Edition. Crown 8vo, cloth . 1 /6 

MEASURING AND VALUING ARTIFICERS' WORK 

(The Student's Guide to the Practice oO* Containing Directions for taking 
Dimensions, Abstracting the same, and bringing the Qtiantities into Bill, with 
Tables of Constants for Valuation of Labour, and for the Calculation of Areas 
and Solidities. Originally edited by £. Dobson, Architect. With Additions 
by £. W. Tarn, M.A. Seventh Edition, Revised. Crown 8vo, cloth. 7/6 
"The most complete treatise on the principles of measuring: and valuinif artificers' work.' 

QUANTITIES AND MEASUREMENTS, 

In Bricklayers', Masons', Plasterers', Plumbers', Painters', Paperhangers', 
Gilders', Smiths', Carpenters' and Joiners' Work. By A. C. Beaton, 

Surveyor. Crown 8vo, cloth 1/6 

" This book is indispensable to builders and their quantity clerks."— £'»^/trA Mechanic. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors. Containing Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications for Houses, Roads, 
and Drains, and an Easy Method of Estimating the parts of a Building 
collectively. By A. C. Bbaton. Tenth Edition. Waistcoat-pocket size. 1 /6 
** No builder, architect, surveyor, or vahier should be without his * Beaton.' "'^uitdiM£' News. 

COMPLETE MEASURER; 

Setting forth the Measurement of Boards, Glass, Timber, and Stone. By 
R. HoRTON. Sixth Edition. Crown 8vo, cloth 4/0 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost to Build, Alter, or Repair ? A Price Book for Un- 
professional People as well as the Architectural Surveyor and Builder. By 
J. D. Simon. Edited by F. T. W. Millrk, A.R.I.B.A. Fifth Edition. 

Carefully Revised. Crown Bvo, cloth Ak/ 3/6 

** In two years It will repay its cost a hundred times o^vt."— Field, 

HANDBOOK OP HOUSE PROPERTY. 

A Popular and Practical Guide to^ the Purchase, Tenancy, and Ccmi- 
pulsory Sale of Houses and Land, including Dilapidations and Fixtures : 
with Examples of all kinds of Valuations, Information on Building and on the 
right use of Decorative Art. By £. L. Tarbuck, Architect and Snrvesror. 
Seventh Edition, xamo, cloth 6/0 

" The advice is thoroughly practical. "—JLow youmaL 

" For all who have dealings with house property, this is an indispensable eulde."— ZtecwmiMMs. 
" Carefully brought up to date, and much linproTed by the addition of a division on Fine Art. 
A well-written and thoughtnil work."— Z^#m< Agents' Record, 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Lwrge 

House in Linear Persjiective. Illustrated by 43 Folding Plates. By F. O. 

Ferguson. Third Edition 8vo, boards 8/6 

*' It is the most faitelllffible of the treatises on this Ill-treated subject that I have met with."— 
E. INGRBSS BELL, ESQ.. m the R,I.B.A. JoumeU. 

PERSPECTIVE FOR BEGINNERS 

For Students and. Amateurs in Architecture, Painting, &c. By G. Pynb. 
Crown 8vo, cloth 2/0 

PRACTICAL RULES ON DRAWING. 

FcMT the Builder and Young Student in Architecture. By G. Ptnb. 4to 7/6 



ARCHITECTUBE, BUILDING, S^c, 



35 



THE MECHANICS OP ARCHITECTURE* 

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects, 
By £. W. Tarn, M.A.. Author of '^ The Science of Building," &c. Second 
Edition, Enlarged. Illustrated with xas Diagrams. Crown 8vo, doth 7/6 
" The book Is a Tcry useful and helpftil manual of architectural mechanics."— ^M^Mer. 

A HANDY BOOK OP VILLA ARCHITECTURE. 

Beinp; a Series of Designs for Villa Residences in various Styles, ^th 
Outline Specifications and Estimates. By C. Wickbs, Architect, Author of 
" The Spires and Towers of England," &c. 6x Plates, 4to, half-morocco, gilt 
edges iSI lis. 60. 

DECORATIVE PART OP CIVIL ARCHITECTURE. 

By Sir William Chambbrs, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination op Grbcian Architbcturb, by Joseph Gwilt, F.S.A. 
Revised and Edited by W. H. Lbbds. 66 Plates, 4to, cloth . .21/0 

HINTS TO VOUNQ ARCHITECTS. 

By George Wightwick, Architect, Author of "The Palace of Architec- 
ture," &c., &c. Sixth Edition, revised and enlarged by G. Huskisson 

GuiLLAUME, Architect. Crown 8vo, cloth 3/Q 

" Ought to be considered as necessary a purchase as a box of instruments."—- ^rrAtY^c^. 

THE ARCHITECrS GUIDE. 

Being a Text-book of Useful Information for Architects, Engineers, Surveyors, 
Contractors, Clerks of Works, &c. By F. Rogbrs. Crown 8vo. . 3/6 

ARCH ITECTU RE— ORDERS. 

The Orders and their Esthetic Principles. By W. H, Leeds. Cr. 8vo. 1 /6 

ARCHITECTURE— STYLES. 

The History and Description of the Styles of Architecture of Various 
Countries, from the Earliest to the Present Period. By T. Talbot Bury, 
F.R.I. B.A., &c. Illustrated. Crown 8vo, cloth 2/0 

" Orders and Styles of Architecture," in One Vol. . . . 3/6 

ARCHITECTURE -DESIGN. 

The Principles of Design in Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Edw. 

L. Garbett, Architect. Crown 8vo, cloth 2/6 

" We know no work that we would sooner recommend to an attentive reader desirous to 
obtain clear views of the nature of architectural art. Tlie book is a valuable one."— Builder. 

♦** The three preceding Works in One handsome Vol., half -bound, entitled 

" Modern Architecture," price QIQ. 

ARCHITECTURAL MODELLING IN PAPER, 

The Art of. By T. A. Richardson. Crown 8vo, cloth . . .1/6 
" A valuable aid to the practice of architectural modelling'."— ^Mi/^if^j' JVeekly Reporter. 

VITRUVIUS — THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLIO. 

In Ten Books. Translated from the Latin by J. Gwilt. With 23 Plates. 
Crown 8vo, cloth 6/0 

N.B. — This is the only Edition of Vitruvius procurable at a moderate price. 

GRECIAN ARCHITECTURE, 

An Inquiry into the Principles of Beauty in ; with an Historical View of the 
Rise and Progress of the Art in Greece. By the Earl of Aberdeen 1 /Q 
♦*♦ The two preceding Works in One handsome Volume, half-bound, entitled 

"Ancient Architecture," price 6/0* 

ACOUSTICS OP PUBLIC BUILDINGS: 

The Laws of Sound as applied to the Arrangement of Buildings. By 
Professor T. Roger Smith, F.R.I^.A. New Edition, revised. With 
numerous Illustrations. Crown 8vo, cloth 1/6 

LIGHT: 

An introduction to the Science of Optics. Designed for the Use of Students 
of Architecture, Engineering, and other Applied Sciences. By E. W. Tarn, 
M.A. Crown 8vo, cloth "t /6 

c 7 
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SANITATION AND WATER SUPPLY. 



THE HEALTH OPPICER'5 POCKET-BOOK. 

A Guide to Sanitary Practice and Law. For Medical Officers of Health, 
Sanitary inspectors, Members of Sanitary Authorities, &c. By Edwakd 
F. WiLLOUGMBV, M.D. (Lond.), &c. Second Edition, Revised and Enlarged. 
Fcap. 8vo, leather ^et 1 0/6 

" A mine of condensed infonnation of a pertinent and useful Und. The various subjects 
of which it treats bdnir succinctly but fully and scientifically dealt with."— TA^ Lanc«. 

" We recommend a!l those engaged in practical sanitary work to furnish themselTes with a 
copy for reference."— ^aMftery youmtU, 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OP WATER- WORKS. 

By Pkopb.«sok W. K. Burton, A.M.Inst.C.E. Second Edition, Revised 
and Extended. Royal 8vo, cloth. (See page i2.) . • £1 5«. 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By WiLUAM HuMBBK, A.M.Inst.C.E., and M.Inst.M.E Imp. 4to, half> 
bound morocco. (See page z2.) Net £6 Qs. 

WATER AND ITS PURIFICATION. 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Suppler. By S. Ridbal, D.Sc. Lond., F.LC. Second 
Edition, Revised, with Aoditions, mduding numerous Illustrations and Tables. 
Large Crown 8vo, cloth Net 9/0 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water* 
works for Small Country Dbtricts. By Allan Grbbnwbll, A.M.I.C.E., 
andW. T. Cukrv, A.M.I.C.E. Revised Edition. Crown 8vo, cloth 5/0 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilise* 
tion of Water for the Supply of Towns. By C. Slagg, -A.M.Inst.C.E. 7/6 

THE PURIFICATION OF SEWAGE. 

Being a Brief Accoimt of the Scientific Principles of Sewage Purification, and 
their Practical Application. By Sidnbt Barwisb, M.D. (Lond.). B Sc., 
M.R.C.S., D.P.H. (Camb.X Fellow of the Sanitary Institute, Medical Officer 
of Health to the Derbyshire County Council. Second Edition, Revised and 
Enlarged, with an Appendix on the Analysis of Sewage and Sewage Effluents. 
With numerous Illustrations and Diagrams. Demy 8vo, cloth. Net 1 0/6 

Summary of Contents : — sewage : its >ature and lomposition.— the 
Chemistry of sewage.— varieties of Sewage and the Chances it undergoes.— 
River Pollution and its Effects.— The Land Treatment of Sewage.— Precipi- 
tation, PRECIPITANTS, AND TANKS.— THE LIQUEFACTION OF SEWAGE.— PRINCIPLES 
INVOLVED IN THE OXIDATION OF SEWAGE.— ARTIFICIAL PROCESSES OF PURIFICATION.— 

AUTOMATIC. Distributors and special Filters.- Particulars of Sewerage and 
Sewage Disposal Schemes required by Local Government Board.— Useful 
dktk.—a^endix : the apparatus required for sewage analysis.— standard 
Solutions used in the Method of Sewage analysis.— TViWm; Estimation of 
ammonia.— Nitrogen as Nitrates.— incubator test, Oxygen absorbed.— To 
Convert grains per Gallon to Parts per 100,000. 

" The book will be of use to those who are responsible for directing and advising^ on the 
tieatment of sewage. The infonnation furnished, as a whole, is reasonably accurate and up-to-date." 
— Nature, 

SANITARY WORK IN SMALL TOWNS AND VILLAQES. 

By Charles Slagg, A.M.Inst.C.E. Third Edition, Enlarged. Crown 

8vo, cloth 3/0 

" This is a very useful book. There is a great deal of work required to be done in the 
smaller towns and villages, and this little volume will help those who are willing to do it."— Buiider. 

VENTILATION: 

A Text-Book to the Practice of the Art of VentUating Buildings. By W. P. 
Bucham. With 170 illustrations. Crown 8vo, cloth .... 3/6 
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PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. By Charles E. Cuktis, 
F.S.I., Professor of Forestry, Field Engineering, and General Estate 
Management, at the College of Agriculture, Downton. Second Edition, 
Revised. Crown 8vo, cloth 3/Q 

PRBPATORY RBMARKS. — OBJBCTS OP PLANTING. — CHOICB OP A FORBSTBR. — 

Choicb op soil and Sitb.— Laying out op land por plantations.— prbparation 
OP TUB Ground por planting.— Drainagb.— planting.— distancbs and Distri- 
bution OP Trbbs in plantations.- trbbs and Ground Gamb.— Attbntion aptbr 

PLANTING.— thinning OP PLANTATIONS. — PRUNING OP FORBST TRBBS.— REALIZATION. 
— MBTHODS op SALE.— MBASURBMBNT OP TiMBBR.— MBASURBMBNT AND VALUATION 

OP Larch plantation.— Firb Linbs.— Cost op planting. 

"Mr. Curtis has in the course of a series of short pithy chapters afforded much infonna- 
tlon of a useful and practical character on the planting and subsequent treatment of trees."-- 
Muttruttd CarptPtter and Suikkr. 

WOODWORKING MACHINERY. 

Us Rise, Progress, and Construction. With Hints on the Manac[ement of Saw 
Mills and the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American Engineers. By 
M. Powis Bale, M.Inst.C.E., M.I.Mech.K. Second Edition, Revised, 
with large Additions, large crown 8vo, 440 pp., cloth .... 9/0 

" Mr. Bale is evldentlv an expert on the subject, and he has collected so much Information 
that his book is all-sufiicient for builders and others eng^aged in the conversion of timber. "—Arckittel. 

"The most comprehensive compendium of wood-woridntr machinery we have seen. The 
mthor is a thorough master ef his vx\>\9ict."— Building JVgws, 

SAW MILLS. 

Their Arrangement and Management, and the Economical Conversion of 
Timber. By M. Powis Balk, M.Inst. C.E., M.I.Mech.E. Second Edition, 

Revised. Crown 8vo, cloth 10/6 

" The mdministraUcH of a large sawing establishment Is discussed, and the subject »irai«iiniiy| 
from a financial standpoint. Hence the sise, shape, order, and disposition of saw milu and the like 
are gone into in detail, and the course of the timber is traced from its reception to its delivery hi Its 
convuted state. We could not desire a mote complete or practical treatise."— £«^Uicr. 

THE ELEMENTARY PRINCIPLES OP CARPENTRY. 

A Treatise on the Pressure and Equilibrium of Timbor Framing, the Resistance 
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting 
Iron and Stone with Timber, &c. To which is added an Essay on the Nature 
and Properties of Timber, &c., with Descriptions of the kinds of Wood used 
in Building ; also numerous Tables of the Scantlings of Timber for different 
purposes, the Specific Gravities of Materials, &c By Thomas T rbdgold, C. E. 
Witn an Appendix of Specimens of Various Rooifs of Iron and Stone, Illus* 
trated. Seventh Edition, thoroughly Revised and considerably Enlarged by 
E. Wvndham Tarn, M.A., Author of "The Science of Building," &c. 
With 6x Plates, portrait of the Author, and several Woodcuts. In One large 

Vol., 4to, cloth £t 5s. 

" Ought to be in every architect's and every builder's library."— ^Mtf/tf«r. 

"A work whose monumental excellence must commend it wherever skUfiil carpentry Is 

concerned. The author's principles are rather confirmed than impaired t^ time. The additional 

plates are of great bitrlnsic vBla6."—SuHdifi£ A/enu. 

THE CARPENTER'S GUIDE. 

Or, Book of Lines for Carpento^ ; comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the late Pbtbk 
Nicholson's standard work. A New Edition, Revised by Arthur Ashpitbl, 
F.S.A. Tc^etho: with Practical Rules on Drawing, by Gborgb Pvnb. 
With 74 Plates, 4to, cloth £1 1 a, 

CARPENTRY AND JOINERY— 

The Elementary Principles of Carpentry. Chiefly composed from the 

Standard Work of T. Tredgold. With Additions and a Treatise on 

Joinery by E. W. Tarn, M.A. Eighth Edition. Crown 8vo, cloth 3/6 

Atlas of 35 Plates to accompany and illustrate the foregoing book. 

With Descriptive Letterpress. aXo 0/0 

"These two volumes form a complete treasury of carpentry and joinery and should be in 
the hands of every carpenter and joiner in the Empire."— /rvn. 
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ROOF CARPENTRY: 

Practical Lessons in the Framing of Wood Roofs. For the use of Working 
Carpenters. By Geo. Collings. Crown 8vo, cloth .... 2/0 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A practical Treatise on Circular Work of Single and Double Curvature. 
By George Collings. Fourth Edition. Crown 8vo, cloth . . 2/6 
" Cheap in price, clear in definition, and practical in the examples selected."— Builder. 

HANDRAILINQ COMPLBTB IN EiaHT LESSONS. 

On the S<iaare-Cat Sj^em. By J. S. Goldthorp, Teacher of Geometry 
and Building Construction at the lulifax Mechanics' Institute. With Eight 
Plates and over 150 Practical £xercises. 410, cloth .... 3/6 

" Likely to be of consldenble Tmlue to JoliiMS and others who tales a piUte In good work. 
The arrangement of the book It excellent, we heartily commend it to teachers and students."— 
Timttr TnuUs yoitmal. 

PRACTICAL TREATISE ON HANDRAILINQ: 

Showing New and Simple Methods. By Geo. Collings. Third Edition, 
including a Treatise on Stairbuilding. Crown 8vo, cloth . . . 2/6 
" Of practical utility in the execution of this difficult branch of joinery."— But'/der, 

THE CABiNET-MAKER'5 GUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINET WORK. 

By Richard Bitmead. Illustrated with Plans, Sections and Working 
Drawings. Crown 8vo, cloth • . 2/6 

THE JOINTS MADE AND USED BY BUILDERS. 

By W. J. Christy. With 160 Woodcuts. Crown 8vo, cloth . . 3/0 
"The work is deserving of high commendation." — Builder. 

TIMBER IMPORTER'S, TIMBER MERCHANT'S, AND 

BUILDER'S STANDARD GUIDE. 

By R..E. Grandy. Crown 8vo, cloth 2/0 

" Everything it pretends to be : built up gradually, it leads one from a forest to a treenail, and 
throws in, as a malLeweight, a host of material concemmg bricks, columns, cisterns, Sec."— English 
Mechanic 

TIMBER MERCHANT'S and BUILDER'S COMPANION. 

Containing New and Copious Tables of the Reduced Weight and Measure* 
ment of Deals and Battens, of all sixes, and other Useful Tables for the use of 
Timber Merdiants and Builders. By William Dowsing. Fifth Edition, 

Revised and Corrected. Crown 8vo, doth 3/0 

" W« ase glad to see a foiurth edition of these admirable tables, which for conectneM and 
dmpHdty of anangement leave nothing to be desired."— TVmAcr Tradis yoitmai. 

THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the Use of Building Contractors, Sqrveyors, Bnildas. &c., 
comprisine useful Tables for all purposes connected with the Timber Trade, 
Maries of Wood, £ssay on the Strength of Timber, Remarles on the Growth of 
Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, cloth . 3/6 

" This handy manual contains much Taluable hifonnation for the use of timber merchants, 
bonders, foresters, and all others connected with the growth, sale, and manufacture of timber."— 
^Mtrttal ^Fortstry. 

PACKING-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six 
inches sqtuure and upwards. By W. Richakdson, Timber Broker. Fourth 
Edition. Oblong 410, doth 3/6 

" InTaluable labour-saThis tables."— /rw»*iM0M{f«r. 

** Will save much labour and calculation."— Grocer. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from i to 200 inches in length, by i to 108 inches in breadth. 
For the use of Architects, Surveyors, Engineers, Timber Merchants, 
Builders, &c. By J. Hawkings. Fifth Edition. Crown 8vo, cloth . 3/6 

" These tables wUl be found of great as^tance to all who lequixe to make calculations 
ot superficial measurement."— £^»^/r'M Mechanic. 
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SCHOOL OF PAINTING FOR THE IMITATION OP 

WOODS AND MARBLES. 

As Taught and Practised by A. R. Van dbk Burg and P. Van dbr Burg, 
Directors of the Rotterdam Painting Institution. Royal folio, xS^ by la^ in., 
Illustrated with 34 full-size Coloured Plates ; also xa plain Plates, comprising 
X54 Figures. Fourth Edition, cloth. ... Net £1 Ss. 

List op Plates. 

X. Various tools rbquirbd for wood painting.—*, 3- walnut: prbliminary 
Stagbs op Graining and Finishbd Specihbn. — 4. tools Usbd for Marblb 
Painting and Mbthod op Manipulation.— $, 6. St. Rbmi Marblb; Earlibr 

OPERATIONS and FINISHBD SPBCIMBN. — 7. MBTHODS OF SKBTCHING DIFFBRBNT 

Grains, Knots, &&— 8, q. Ash: prbliminary Stagbs and Finishbd speci- 
MBN. — 10. Methods op sketching Marble Grains. — xx, xa. Brbchb Marblb ; 
preliminary Stages op working and Finished Spbcimbn.— xa. Maple ; Methods 
op Producing the Different Grains.— x4, xs. Bird's-Eyb maple; Prbliminary 
Stages and Finished specimen.— x6. Methods of sketching the Different 
Species of White Marble.— xf, x& whitb Marble ; preliminary stages op 
Pkocbss and Finished specimen.— 19. Mahogany: specimens op Various Grains 
AND Methods op manipulation.— ao. ax. Mahogany; Earlier Stages and 
Finished Specimen.— aa, as, a4 Sienna Marblb; Varieties of Grain. Prbliminary 
Stages and Finished Specimen— as, 36, a?, juniper wood; Methods of pro* 
DUCiNG Grain, &c. ; preliminary Stages and Finished Specimen.— aS, ao, 3a vbrt 
db Mbr Marble; Varieties of Grain and methods op working, unfinished 
and Finished Specimens.- sx, 3a, 33. Oak ; Varieties op Grain, Tools Employed 
and Methods of Manipulation, Preliminary Stages and Finished Specimen.— 
94t 3Si 36. Waulsort Marblb; Varibtibs op Grain, Unfinished and Finished 
Spbcimens. 

" Those who deshre to attain skill In the ait of painting woods and marbles will find advantage 
in consulting this book. . . . Some of the Workixig Men's Clubs should give their young men 
the opportunity to study Vi," •-Builder. 

'* A comprehensive guide to the art. The explanations of the processes, the manipulation 
and management of the coloufs, and the beautifully executed plates will not be the least valuable to 
the student who aims at making his work a faithful transcxipt of XAtan."—BuUdins Ntws. 

" Students and novices are fortunate who axe able to become the possessors of so noMe a 
work."— rA« Arcfiiita. 

H0U5E PAINTING, GRAINING, MARBLING, AND 

SIGN WRITING: 

V^ith a Course of Elementary Drawing, and a Collection of Useful Receipts. 
By E. A. Davidson. Ninth Edition. Coloured Plates. Cr. 8vo, cloth . 6/0 
*** The above f in cloth boards ^ strongly bounds 6/0- 
" A mass of infoimation of use to the amateur and of value to the practical man." — English 
Mechanic. 

ELEMENTARY DECORATION: 

As Applied to Dwelling-Houses, &c. ByJ.W. Facey. Cr. 8vo, cloth 2/0 

" The principles which ought to g^ide the decoration of dwelling-houses are clearly set 
forth, and elucidated by examples ; while full instructions are given to the learner."— 5(Cc>/;fma». 



V 



PRACTICAL HOUSE DECORATION. 

A Guide to the Art of Ornamental Painting, the arrangement of Colours in 
Apartments, and the Principles of Decorative Design. By James W. 

Facey. Crown 8vo, cloth 2/6 

The last two works in One handsome Vol.^ half-bound^ entitled "House 
Decoration, Elementary and Practical," price 5/0* 

ORNAMENTAL ALPHABETS, ANCIENT & MEDliCVAL. 

From the Eighth Century, with Numerals; including Gothic, Church-Texti 
large and small, German, Italian, Arabesque, ^ Initials for Illumination, 
Monograms, Crosses, &c., for the use of Architectural and Engineering 
Dran^tsmen, Missal Painters, Masons, Decorative Painters, Lithographers, 
Engravers, Carvers, &c., &c. Collected and En^aved by F. Dblamottb, 
and inrinted in Colours. New and Cheaper Sditioa. VjojH Bvo, oblong, 
ornamental boards 2/0 

** For those who Insert enamelled sentences round gilded chaHces, who blaaon shop legends 
over shopHloors, who letter church walls with pithy sentences from the Decalogue, this book will be 
iaatfvl."—Athenau*H, 
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MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic, Perspecnve, Greek, Hebrew, 
Court Hand Engrossing, Tuscan. Riband, Gothic, Kustic, and Arabesque; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsman, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c Collected and Engraved by F. Dblamottk, and printed in Colours. 
New and Cheaper Exlition. Roval 8vo, oblong, ornamental boards . 2/6 

** Then is comprised in it erery possible shape into which the lecteis of the alpliabeC and 
numerals can be formed, and the talent which has been expanded in the conception of the various 
plain and ornamental letters is imadMtfaL" ^Standard. 

MEDIiCVAL ALPHABETS AND INITIALS. 

By F. G. Dblamottb. Containing ax Plates and Iliummated Title, printed 
in Gold and Colours. With an Introduction by J. Willis hsooKS. Fifth 
Edition. Small 4to, ornamental boards Net HIQ 

' A volume in which the letters of the alphabet come forth glorified in glldintf and all the 
colours of the prism interwoven and intertwined and interming^led. "—^Mn. 

A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of beginners ; with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise^ and Examples taken from Illuminated MSS., 
printed in Gold and Colours. By F. Dblamottb. New and Cheaper 
Edition. Small 4to, ornamental boards 6/0 

" The examples of ancient MSS. recommended to the student, which, wUh much good sense, 
the author chooses from collections accessible to all, are selected with judgment and knowledge as 
well as tasXia."-'Ath*futttfn. 

THE EMBROIDERER'S BOOK OF DESIGN. 

Containing Initials, Emblems, Cyphers, Monograms, Ornamental Borders. 
Ecclesiastical Devices, Mediseval and Modern Alphabets, and National 
Emblems. Collected by F. Dblamottb, and printed in Colours. Oblong 
royal 8vo, ornamental wrapper Nei 2/0 

" The book will be of great assistance to ladies and young children who are endowed with 
the art of plying the needle in this most ornamental and usetul pretty yrotk."—£ast Angiian Tinus. 

MARBLE DECORATION 

And the Terminology of British and Foreign Marbles. A Handbook for 
Students. By Gborgb U. Blagrovb, Autnor of " Shoring and its Applica- 
tion," &c. With aS Illustrations. Crown 8vo, cloth .... 8/6 

** This most useful and much wanted handbook should bb in the hands o< every aichltect and 
hmLAst.'—Buiidtng IVa^id. 

"A. carefully ana useraUy written treatise ; the work is essentially practical. ".—^cvl^MaM. 

THE DECORATOR'S ASSISTANT. 

A^ Modem Guide for Decorative Artists and Amatetirs, Painters, Writers, 
Gilders, &c. Containing upwards of 6oo Receipts, Rules, and Instructions ; 
with a variety of Information for General Work connected with every Class of 
Interior and Exterior Decorations, &c. Eighth Eklition. Cr. Svo . 1 /O 

" Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist of 
larger treatises on colour and technical processes. It would be difficult to meet wich a work so 6ill 
of varied information on the painter's »xt."—Buiiding News. 

GRAMMAR OF COLOURING. 

Applied to Decorative Painting and the Arts. By G. Field. J>Jew Edition, 
enlarged by E. A. Davidson. With Coloured Plates. Crown Svo, cloth 3/0 
" The book is the most useful r/sttmioi the properties of pigments." — Builder. 

ART OF LETTER PAINTING MADE EASY. 

By J. G. Badenoch. With Z2 full-page Engravings of Examples. Cr. Svo 1 /6 

"Any intellig-ent lad who fails to turn out decent work after studying this system has 
mistaken his socaXxon."— English Mechanic. 
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PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Including* 
Fresco, Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, 
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Sixth 
Edition. Crown 8vo, cloth 5/0 

*A* Adopted as a Prize Book at South Kensington. 

" Much ma^ be learned, even by those who fancy they do not require to be taught, from the 
careful perusal of this unpretending but comprehensive treatise."— ^r/ yourtial. 

QLAS5 STAINING, AND PAINTING ON GLA55. 

From the German of Dr. Gessert and Emanuel Otto FROMBERGt With 
an Appendix on The Art of Enamelling. Crown 8vo, cloth . . 2/6 

WOOD-CAKVINQ FOR AMATEUR5. 

With Hints on Design. By A Lady. With xo Plates. New and Cheapei 

Edition. Crowii 8vo, in emblematic wrapper 2/0 

" The handicraft of the wood-carvw, n wdl at a book can Impan tt. may be learnt from * A 
Lady's ' pubUcatk>n."^^M<M«MM. 



NATURAL SCIENCE, ETC. 
THE VISIBLE UNIVBR5E. 

Chapters on the Orinn and Constroction of the Heavens. By j. K. GoKm, 
F.R.A.S., Author of ~' Star Groups," &c. Illustrated by 6 Stellar Photogrwhs 
and 19 Plates. Demy 8vo, cloth 1 6/0 

STAR GROUPS. 

A Studecit's Guide to the Constellations. By J. Ellard Gorb, F.R.A.S., 
M.R.I.A., &c., Author of "The Visible Universe," "The Scenery of the 
Heavens," &c. With 30 Maps. Small 4to, cloth 6/C 

AN ASTRONOMICAL GLOSSARY. 

Or, Dictionarv of Terms used in Astronomyi With Tables of Data and Lists 
of Remarkable and Interesting Celestial Objects. By J. Ellard Gore, 
F.R.A.S., Author of " The Visible Uoiverie," &c. Small crown 8vo, cloth. 

2/6 
ASTRONOMY. 

By the late Rev. R. Main, M.A., F.RS. Third Edition, revised by 
WILLIAM Thynne Lynn, B.A.,F.RA.S. Crown 8vo, cloth . 2/0 

"A sound and simple treatise, very carefully edited, and a capital book for beginners."— 
Knowltdse. 

THE MICROSCOPE. 

Its Construction and Management. Including Technique, Pboto-micrography, 
and the Past and Future of the Microscope. By Dr. Henri van Hburck. 
Re-Edited and Augmented from the Fourth French Edition, and Translated 
by Wynne E. Baxter, F.G.S. Imp. 8vo, cloth .... 1 8/0 

MANUAL OF THE MOLLUSCA : 

A Treatise on Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates 

and 300 Woodcuts. Crown 8vo, cloth 7/6 

" A storehouse of concholo^rlcal and g^eological information."— ^ara/icA^'j Science Gcssif, 

THE TWIN RECORDS OF CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Wonder<nl Concord. 
By G. W. V. LB Vaux. 8vo, cloth 5/0 

LARDNER'S HANDBOOKS OF SCIENCE. 
HANDBOOK OP MECHANICS. 

Enlarged and re^written by B. Lobwv, F.R.A.S. Post 8vo, cloth . 6/0 

HANDBOOK OP HYDROSTATICS AND PNEUMATICS. 

Revised and Enlarged by B. Lobwv, F.R.A.S. Post 8vo, cloth . 5/0 

HANDBOOK OP HEAT. 

Edited and re-written by B. Lokwv. F.R.A.S. Post 8vo. cloth . 6/0 



42 CROSBY LOCKWOOD «• SON'S CATALOGUE, 

LARDNER'S HANDBOOKS OF SCIBSCB— continued, 
HANDBOOK OP OPTICS. 

New Edition. Edited by T. Olvbr Harding, B.A. Small 8vo, cloth 6/0 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

Edited by Geo. C. Foster, B.A. Small 8vo, cloth .... 6/0 

HANDBOOK OP ASTRONOMY. 

Revised and Edited by Edwin DuNKiM, F.R.A.S. 8vo, cloth . . 9/6 

MUSEUM OP SCIENCE AND ART. 

With upwards of x,aoo Engravings. In Six Double VolumeSi £1 1 •. Cloth, 
or half-morocco £1 lis. Go. 

NATURAL PHILOSOPHY FOR SCHOOLS . . 3/6 
ANIMAL PHYSIOLOGY FOR SCHOOLS . . 3/6 
THE ELECTRIC TELEGRAPH. 

Revised by E. B. Bright, F.R.A.S. Fcap. 8vo, cloth . 2/6 



CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 



THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 

PBTROLEUM INDUSTRY. 

A Practical Handbook on the Exploration, Exploitation, and Management 
of Russian Oil Properties, including Notes on the Origin of Petroleum in 
Russia, a Description of the Theon^ and Practice of Liquid Fuel, and a 
Translation of the Rules and Regulations concerning Russian Oil Properties. 
By A. Bbbbv Thompson, A. M. I.M.E. , late Chief Engineer and Manager of the 
European Petroleum Company's Russian Oil Prq;)erties. About 500 pp.. with 
numerous Illustrations and Photographic Plates, and a Map of the Balaknany* 
Saboontchy-Romany Oil Field. Super-royal 8vo, cloth . . Net £3 3«« 

" A careful and comprehensive study of the conditions of the industry. The work is very 
valuable, and should undoubtedly be the standard authority on Baku for some time to come."— 
Mining youmai. 

THE ANALYSIS OF OILS AND ALLIED SUBSTANCES. 

Bt a. C. Wright, M.A.Oxon., B.ScLond., formerly Assistant Lecturer in 
Chemistry at the Yorkshire College, Leeds, and Lecturer in Chembtry at the 
Hull Technical School. Demy 8vo, cloth Ntt 9/0 

A HANDYBOOK FOR BREWERS. 

Being a Practical Guide to the Art of Brewing and Malting. Embracing th« 
Ccmdusions of Modern Research which bear upon the Practice of Brewing. 
By Hbrbbrt Edwards Wright, M.A. Second Edition, Enlarged. Crown 

8vo, 530 pp., cloth 1 2/6 

** May be consulted with adrantage by the student who is preparing himself for examinational 
tests, while tlie scientific brewer will find in it a risumd of all the most important discoveries of 
modem times. The worlc is written throughout in a clear and concise manner, and the author 
takes great care to discriminate between vague theories and well-established &cts."— AmMrf' 
J attr n al, 

* * We have great pleasure in recommending this handy boolc, and have no hesitation In saying 
that It is one of the best— if not the best— whkh has yet been written on the subject of beer-brewing 
in tUs countsy ; It should have a place on the shelves of every brewer's library. "-^rw«wr? 

A POCKET-BOOK OP MENSURATION AND QAUQINQ. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants. &c. By J. B. Mant, Inland Revenue. Second Edition, 
Revised. z8mo, leather 4/0 

" Should be in the heads of every practieal hnwv.'Srgwtrs yottmal 
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THE QAS ENQINEER'S POCKET-BOOK. 

Comi>rising Tables, Notes and Memoranda relating to the Manofactore, 
Distribution and Use of Coal Gas and the Construction of Gas Works. By 
H. O'Connor, A.M.Inst.C.£. Second Edition, Revised. 470 pp., crown 8vo, 

fully Illustrated, leather 10/6 

" The book contains a vast amount of information. The author goes consecutively through 

the engineering details and practical methods involved in each of the different processes or parts 

of a gas-works. He has certainly succeeded in making a compilation of hard matters of fiict 

abeolutehr interestinsr to read."— uaj JVorld. 

"The volume contains a great quantity of si>ecialised Information, complied, we believe, from 

tmstworthy sources, which should make it of considerable value to those for whom It is specifically 

produced. '^—Sngifuer. 

LiaHTlNQ BY ACETYLENE 

Generators, Burners, and Electric Furnaces. By William E. Gibbs, M.E. 
With 66 Illustrations. Crown 8vo, cloth 7/6 

ENaiNEERlNQ CHEMISTRY. 

A Practical Treatise for the Use of Analjrtical Chemists, Engineers, Iron 
Masters. Iron Founders, Students and others. Comprising Methods of Analysis 
and Valuation of the Principal Materials used in Ennneering Work, with 
numerous Analyses, Examples and Suggestions. By H. Joshua Phillips, 
F.I.C^^ F.C.S. Third Edition, Revised and Enlarged. Crown 8vo, 490 pp., 
with Plates and other Illustrations, cloth. .... AV/ 10/6 

** In this work the author has rendered no small service to a numerous body of practical 

men. . . . The analytical methods may be pronounced most satisfactory, bdng as accurate as the 

despatch required oi engineering chemuts permits."— CAfmios/ News. 

" The analytical methods given are, as a whole, such as are likely to give rapid and trust. 

worthy results in experienced hands. . . . There is much excellent descriptive matter in the work 

the chapter oA ' Oils and Lubrication ' being specially notfceable in this respect."— J?McitaMr. 

N1TR0-EXPL051VE5. 

A Practical Treatise concerning the Properties, Manufacture, and Analysis 
of Nitrated Substances, including the Fulminates, Smokeless Powders, and 
Celluloid. By P. Gbrald Sanford, F. I.C, Consulting Chemist to the Cotton 
Powder Company, Limited, &c. With Illustrations. Crown 8vo, cloth. 9/0 

"One of the very few text-books in which can be found Just what is wanted. Mr. Sanford 
goes steadily throui^h the whole list of explosives commonly used, he names any given explosive, 
and tells us of what it is composed and how it is manufactured. The book is excellent."— J?»v*MMr« 

A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Treatise on the Manufacture and Use of Dynamite. Gun-Cotton, 

Nitro-Glycerine and other Explosive Compounds, including Collodion-Cotton. 

With Chapters on Explosives m Practical Application. By M. Eissler, M.E. 

Second Edition, Enlarged. Crown 8vo cloth 1 2/6 

" A veritable mine of information on the subject of explodvet employed for military, mining, 
and blasting purposes."— .<4r>»y and Navy Gtuutte, 

DANGEROUS Q00D5. 

Their Sources and Properties, Modes of Storage and Transport With Notes 
and Comments on Accidents arising therefrom. A Guide for the Use of 
Government and Railway Officials, Steamship Owno^, &c. By H. Joshua 
Phillips, F.I.C. F.CS. Crown 8vo, 374 pPm cloth .... 9/0 
** Merits m wide circulation, and an Intdllgent, appreciative study."— CAMwdte/ Ntws, 

A MANUAL OP THE ALKALI TRADE. 

Including the Mannfacttire of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder, fiy John Lomas, Alkali Manufacturer. ^ With 93a Illustrations 
and Working Drawings. Second Edition, with Additions. Super^ro^^ 8vo, 
cloth £1 10«. 

" We find not merely a sound and luminous explaiution of the chemical principles of the 
trade, but a notice of numerous matters which have a most important bearing on the successful 
conduct of alkali works, but which are generally overlooked by even experienced technological 
9Sithoxs."—Ch€mical Review. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, Etc, 

Containing all knovm^ Methods of Anhydrous Analysis, manv Working 

Examples, and Instructions for Making Apparatus. By Lieut. •Colonel W. A. 

Ross, R.A., F.G.S. Second Edition, Enlarged. Crown 8vo, cloth . 6/0 

** The student who goes conscientiously through the course of experimentation here laid down 
win gain a better insight into inorganic chemistry and mineralogy than if he had * got up ' any of the 
best text-books of the day, and passed any number of examinations in their contents'. —CAemxVa/ 
News. 
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THE MANUAL OP COLOURS AND DYB-WARB5. 

Their Properties, Applications, Valaations, Impurities and Sophistications. 

For the Use of Dyers, Printers, Drysalters, Brokers, &c By J. W. Slater. 

Second Edition, Revised and greatly Enlarged. Crown 8vo, doth . 7/8 

*' There is no other work which covers precisely the same ground. To students piepailng 
for OTwnlnations in dyeing and printing it will prore eiceedingiy useAiL"— CAmmAm/ Ntms. 

THG ART15T5* MANUAL OP P1QMBNT5. 

Showing their Composition, Conditions of Permanency, Non-Permanency, and 
Adulterations, &c., with Tests of Purity. By H. C. Standagb. Third 
Edition. Crown 8vo, cloth 2/6 

** This worlc is indeed m»MHtit^iH-^rv», and we can, with good conscience, recommend h to 
who come hi contact with pigments, whether as makers, dealers, or users. "~^fumiieal RtvUw, 



INDUSTRIAL ARTS, TRADES, AND 

MANUFACTURES. 



THE CULTIVATION AND PREPARATION OF PARA 

RUBBER. 

By W. H. Johnson, F.L.S., F R.H.S., Director of Agriculture, Gold Coast 
Colony, West Africa, Commissioned by Government in 1903 to visit Ceylon to 
Study the Methods emplo)^ed there in the Cultivation and Preparation of 
Para Rubber and other Agricultural Staples for Market, with a view to Intro- 
duce them into West Africa. Demy 8vo, cloth .... Net 7/6 
Summary of Contents: — Introductory. —Thk Para Rubber Tree {Hevea 

brasiliensis) AT HOME AND ABROAD.— CULTIVATION OF THE TREE :— PROPAGATION.— 

Site for plantation.— Distance Apart to Plant the trees.— Transplanting.— 
Cultivation.— INSECT Posts and fungoid Diseases.- Collecting the Rubber: 
— Various methods Employed in Tapping Rubber Trees. — Flow of Latex 
increased BY Wounding the Tree.— How to tap,— the preparation of rubbbk 
from the Latex:— Latex.— Various methods Employed in the preparation op 

RUBBER.— suggested METHOD FOR PREPARING RUBBER.— SCRAP RUBBER.- YIELD OF 

Para Rubber from Cultivated Trees :— Ceylon.— Malay Peninsula.— Gold Coast, 
West Africa.— Establishment and Maintenance of a Para Rubber Plantation :— 
Ceylon.— Malay Peninsula.— Commercial Value of the Oil in Hevea Seeds. 

" The Author does not claim that the book is more than a collection of infonnation ji^athered 
from various sources; as such it is excellent, and will undoubtedly serve a very useful purpose."— 
India Jiutber youniai. 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of 
Indinrubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cements, and Allied Subjects. By T. O'Conor Sloanb, A.M., 
Ph.D: With numerous Illustrations. Square 8vo, cloth. . . S/0 

PRACTICAL PAPER-MAKINQ. 

A Manual for Paper-Makers and Owners and Manners of Paper-Mills. With 
Tables, Calculations, &c. By G. Clappbrton, Paper-Maker. With lUos- 
trations of Fibres from Micro-Phot<^aphs. Crown 8vo, cloth . 6/0 



'* The author caters for the fequliements of responsible mill hands, apprentices, 9k., whilst 
his manual will be found ofnreat service to students of technology, as well as to veteran PfPM- 
makers and mill owners. The illustrations form an excellent feature."— Tite P*»rid'* Paptr Trade 



service to students of technology, as well as to veteran pep*> 
■na mui owners. ineiUi ■ - - 

Review. 

THE ART OF PAPER-MAKINQ. 

A Practical Handbook of the Manufacture of Paper from Rags, Esparto, 

Straw, and other Fibrous Materials. Including the Manufacture of Pulp from 

Wood Fibre, with a Description of the Machinery and Appliances used. To 

which are added Details of Processes for Recovering Soda from Waste Liquors. 

By Albxandbr Watt. With Illustrations. Crown 8vo, cloth . . 7/6 

** It may be regarded as the standard work on the subject The book is full of valuable 
information, The 'Art of Paper-Making' is in every respect a model of a text-book, either fb* a 
technical class, or for the private student/*— />d^<r and Printing Trades Journal. 

A TREATISE ON PAPER. 

For Printers and Stktioners. With an Outline of Paper Manufacture ; Complete 
Tables of Sizes, and Specimens of Different Kinds of Paper. By Richabo 
Parkinson, late of the Manchester Technical School. Demy 8vo, cloth 8/6 



INDUSTRIAL AND USEFUL ARTS. 



45 



THE ART OP 50AP-MAKlNa. 

A Practical Handbook of the Manafactnre of Hatd and Soft Soaps, ToUet 
Soapa, &c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By Albxandek Watt. Sixth Edition, 
including an Appendix on Modem Candlemaking. Crown 8vo, cloth 7/6 

" A thoroiwhly practical traatlM. We coofntulate tbe autttor oo the niccen of bU endeevoMf 
flB a void in Encflsh technical Utmatnie."— MtfMfv. 

"The woric wiU prove very uaeAil, not mereljr to the technological student, but to the 
piactlcal soap boiler who wishes to understand the thaoty of his aMt."—CMtifHemi Ntws. 

PRACTICAL TANNING. 

A Handbook of Modem Pro(^sses, Receipts, and Suggestions for the Treatment 
of Hides, Skins, and Pelts of every Description. By L. A. Flemmino, 
American Tanner. 47a pages. 8vo, cloth -^^^Z 26/0 

THE ART OP LEATHER MANUFACTURE. 

A Practical Handbook, in which the Operations of Tanning, Currying and 
Leather Dressing are fully Described, and the Principles of Tanning Explained. 
Together with a Description of the Arts of Glue Boiling. Gat Drexsmg, &c. 
By Albxandbk Watt. Fifth Edition, thoroughly Revised and Enlarged, 
8vo, cloth Nearly ready, Prtct about 1 0/6 **«^* 



** A sound, comprahonalve t re a ti s e on tannine and lu accessoites. The twok Is an eminently 
valuabla production, which ledotmds to the ciealt of both author and publishers." — CM*mital 
Itfview. 

ART OF BOOT AND SHOEMAKINQ, 

Including Measurement, Last-fitting, Cutting.out, Closinff and Making 
with a Description of the most Approved Machinlsry employed. By J. B. 

Lbno. Crown 8vo, cloth . 2/0 

" By far the best wor< ever written on tbe sah^cct."— Scottish Leather Trader. 

COTTON MANUFACTURE. 

A Manual of Practical Instructicm of the Processes of Opening, Carding, 
Combing, Dravring, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c. For the Use of Operatives, Overlookers, and Manufacturers. 
By John Lister, Technical Instructor, Pendleton. 8vo, cloth 7/6 

" A distinct advance in the literature of cotton manufactnie. ".-AfocAxM^ry. 

" It Is thoroughly rettable,*<uUlllfaiff nearly aU the requirements 6MknA"—Glasgim Herald. 

WATCH REPAIRING, CLEANING, AND ADJUSTING. 

A Practical Handbook dealing with the Materials and Tools Used, and the 
Methods of Repairing, Cleaning, Altering, and Adjusting all kinds of English 
and Foreign Watches, Repeaters, Chronographs, and Marine Chronometers. 
By F. J. Garrard, Springer and Adjuster of Marine Chronometers and Deck 
Watches for the Admiralty. With over aoo Illustrations. Crown 8vo, cloth. 

Net 4/6 

MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated from the French of Claudius Saunibr. ex'Director of the School 
of Horology at Macon, by Julibn Tripplim, F.R.A.Sm Besancon Watch 
Manufacturer, and Edward Kigg, M.A., Assayer in the Koyal Mint. With 
Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. Second 
Edition. Super-royal 8vo, £2 2 s. cloth ; half-calf . . £2 1 0a. 



" There is no horological work in the Hngiish lancuaffe at afl to be compared to this produc 
doo of M. Saunler's for clearness and completeness. It is alike good as a guide for the student and 
as a rejerence for the experienced horok>gist and skilled workman."— /r0r«/vior/7«w*fM/. 

" The latest, the most complete, and the most reliable of those literary productions to witlch 
continental watchmakers are inmbted for the mechanical superiority over their Fjiylish bretliren 
—In Csct, the Book of Books is M. Saunler's ' Treatise.' "—WaUhmaktr^ Jewtlltr^ andSiivertmUh. 

THE WATCHMAKER'S HANDBOOK. 

Intended as a Workshop Companion for those engaged in Watchmaking and 

the Allied Mechanical Arts. Translated from the French of Claudius 

Saunibr, and enlarged by Julibn Tripplin, F.R.A.S., and Edward Rigg, 

M.A., Assayer in the Royal Mint. Fourth Edition. Cr. 8vo, cloth 9/0 

" Each part is tnilv a treatise in Itself. The arrangement is good and the language Is dear 
and concise. It is an admirable guide for the young •m^XK^aaaiLvt."— Engineering. 
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CLOCKS, WATCHE5, & BELLS for PUBLIC PURPOSES 

A Rudimentary Treatise. By Edmund Beckett, Lord Grimthorpe 
LL.D., K.C., F.R.A.S. Eighth Edition, with new List of Great Bells and 
an Appendix on Weathercocks. Crown 8vo, cloth .... 4/6 

♦*♦ The above, handsomely bound. Cloth Boards, 6/6. 
" The best work on the subject probably extant. The treatise on bells is undoubtedly the 
best in the laneuage."— ij«^««f ing^. 

" The only modem treatise on dock-making." — Horological youmal. 

HISTORY OF WATCHES & OTHER TIMEKEEPERS. 

By Jambs F. Kendal, M.B.H. Inst. 1/6 boards; or cloth, gilt . 2/6 
"The best which has yet appeared on this subject in the EnfrUsh languagfe."— /m^/mx^^j. 
" Open the book where you may, there is interesting matter 1p it conceminsr the ingenious 
deylces ot the ancient or modem Yioxwifsex" Saturday Review. 

ELECTRO PLATING&ELECTROREFININQOPMETALS, 

Being a new edition of Alexander Watt's " Electro-Deposition." Re- 
vised and Largely Rewritten by Arnold Philip, B.Sc, A.I.E.E., Principal 
Assistant to the Admiralty Chemist. Large Crown 8vo, cloth Net 1 2/6 

" Altogether the work cam be highly recommended to every electro-plater, and is of un> 
doubted Interest to every electro-metallurgist."— f&^r/n'ca/ Review. 

" Eminently a book for the practical worker in electro-deposition. It contains practical 
descriptions ot methods, processes and materials, as actually pursued and used hi the worlcshop."— 
Engineer, 

ELECTROPLATING. 

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold, 
Aluminium, Brass, Platinum, &c., &c. By J. W. Urquhart, C.E. Fifth 
Edition, Revised. Crovm 8vo, cloth ....... 5/0 

" An excellent practical maimaL"—En£rineeriHf. 

" An excellent worlc, giving the newest infonnatioii.'*— JST^rw/ttfiea/ ypitmmi, 

ELECTRO-METALLURGY. 

Practically Treated. By Alexander Watt. Tenth Edition, enlarged and 
revised. With Additional Illustrations, and including the most Recent 

Processes. Crown 8vo, cloth 3/8 

" From this book both amateur and artisan may learn everything necessary." — Iron. 

GOLDSMITH'S HANDBOOK, 

Containing full Instructions in the Art of Alloying, Melting, Reducing, 
Colouring, Collecting, and Refining. The processes of Manipulation, 
Recovery of Waste, Chemical and Physical PrcJperties of Gold; Solders, 
Enamels, and other useful Rules and Recipes, &c. By George E. Gee, 

Sixth Edition. Crown 8vo, cloth 3/0 

" A good, sound, technical educator."— //orolo^ical youma/. 

SILVERSMITH'S HANDBOOK, 

On the same plan as the above. By George E. Gee. Third Edition. 

Crown 8vo, cloth 3/0 

" A valuable sequel to the author's * Practical Goldworker.'" — Silversmiths' Trade journal. 
♦*♦ The two preceding Works, in One handsome Volume, half-bound, entitled 
"The Goldsmith's and Silversmith's Complete Handbook," 7/0« 

JEWELLER'S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen, Compiled from the Experience 
of Thirty Years' Workshop Practice. By George E. Gbb. Crown 8vo. 7/6 
" This manual of teclmical education Is apparently destined to be a valuable auxiliary to a 
handicraft which Is certainly capable of great improvement.''— 7%< Times. 

HALL-MARKING OF JEWELLERY. 

Comprising an account of all the different Assay Towns of the United 
Kingdom, with the Stamps at present employed ; also the Laws relating to 
the Standards and Hall-marks at the various Assay Offices. By George E. 
Gee. Crown 8vo, cloth 3/0 

BLBCTROTYPING. 

The Reproduction and Mnltipltcation of Printing SorCaces and Works of Art 
■by the Electro-Deposition of Metals. By J. W. Urquhart, C.E. Crown 8vo, 
cloth 5/0 

" The book Is thoroughly practical ; the reader is, therefore, conducted throusih the leading 
laws of electilcity, then throai^ the metals used by electrotypecs, the appaimtut, uufthe depoaUliic 
procenes, up to the final preparation of the woik^— Art yaurmai. 
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MECHANICAL DENTISTRY: 

A Practical Treatise on the Construction of the Various Kinds of Artificial 
Dentures, comprising also Useful Formulae, Tables and Receipts. By 
C. Hunter. Crown 8vo, cloth 3/0 

BRASS FOUNDER'5 MANUAL: 

Instructions for Modelling, Pattern Making, Moulding, Turning, &c. By 
W. Graham. Crown 8vo, cloth 2/0 

SHEET METAL WORKER'S INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and 
Tin-Plate Workers. By Reuben Henry Warn, Practical Tin-Piate Worker. 
New Edition, Revised and greatly Bnlarsed by Joseph G. Hoknbk. 
A.M.I.M.E. Crown 8vo, 254 pp., with 430 Illustrations, cloth . 7/0 

SHEET METAL-WORKER'S GUIDE. 

A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers,&c.,with 
46 Diagrams and Working Patterns. By W. J. E. Crane. Fourth Edition. 
Crown 8vo, Cloth 1/6 

"The author has acquitted himself with considerable tact in choosing his examples, and 
with no less ability in treating thtm."—PiMmb€r. 

QAS FITTING: 

A Practical Handbook. By John Black. Revised Edition. With 130 
Illustrations. Crown 8vo, cloth 2/6 

" It Is written in a simple, practical style, and we heartily recommend It"— Piumter and 
Decorator. 

TEA MACHINERY AND TEA FACTORIES. 

A DescripUve Treatise on the Mechanical Appliances re(mired in the 
Cultivation of the Tea Plant and the Preparation of Tea for the Market. By 
A. J. Wallis-Tavlbr, A.M.Inst.CB. Medium 8vo, 468 pp. With aiB 

Illustrations mt 26/0 

Summary of Conthnts. 
Mechanical cultivation or Tillage op the soil.— plucking or Gathering 
THE LEAP.— Tea Factories.— The dressing, Manufacture, or Prbparation 
OF tea by Mechanical Means. — artificial Withering of the Leap.— 
Machines for Rolling or curling the Leaf.— fermenting process.— 
Machines for the automatic drying or firing of the leaf.— Machines fok 
Non-Automatic Drying or Firing of the Leaf.— Drying or Firing Machinbs. 
—Breaking or Cutting, and sorting Machines.— Packing the tea.— Means 
OF Transport on Tea Plantations.— Miscellaneous Machinery and Apparatus. 
—Final Treatment of the Tea.- Tables and Memoranda. 

" The subject of tea machinery is now one of the first interest to a large class of people, of 
whom we strongly commend the Tolume."— CAwm^er ^Commerct yourmU. 

** Contains a very full account of the machinery necessary for the proper outfit of a factonr, and 
also a description of the processes beet carried out by this machinery."— y«MrMa/ Society ^Arts, 



FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice. By Fribdrich Kicki Imperial 

Regierun^srath, Professor of Mechanical Technology in the Imperial Gorman 

Folytedinic Institate, Prague. Translated from the Second Enlarged and 

Revised Edition. By H. H. P. Powlbs, A.M.Inst.C.E. 400 p^, with 

a8 Folding Plates, and 167 Woodcuts. Ro3ral 8vo, cloth . §t\ 6 b. 

" Thb Invaluable work Is, and will remain, the standard authority on the science of nSDfaig. . . . 

The miller who has read and digested this work wlU have laid the foundation, so to speak, of a 

successful career; he will have acqufared a number of general principles wUch he can proceed to 

apply. In this handsome volume we at last have the accepted text-book of modem milling In good, 

sound English, which has little. If any, trace of the German Idiom."— ZA^ MilUr. 

** The appearance of this celebrated work in Enp^lish is very opportune, and British millers 
will, we are sure, not be slow in availing themselves of its pages."— itftAierf' Gajtettc. 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakers. Confectioners and Pastrycooks ; including a variety of 

Modem Recipes, and Remarks on Decorative and Coloured Work. With isg 

Original Designs. By Robert Wells. Crown 8vo, cloth •6/0 

** A valuable wonc, practical, and should be In the hands of every baker and confacttaoev. 

The ninstntive designs are worth treble the amount charged for the woni.''—BaAers' Timu. 

BREAD & BISCUIT BAKER'S & 5UQAR-B01LBR'5 

ASSISTANT. 

Including a large variety of Modern Recipes. With Remarks on the Art of 

Bread-maldng. By Robert Wblls. Fourth Edition. Crowii 8vo, cloth 1 /O 

" A large number of wmUes for the ordinary cook, as well as the baker. —Sai$trday Review. 
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PASTRYCOOK & CON PECTI ONER'S GUIDE. 

For Hotels, Restannnts, and the Trade in general, adapted also for Famt^v 
Use. By R. Wblls, Aatbor of " The Bread and Biscuit Baker " . .I/O 

We cannot speak too highly of this really excdlent work. In these dajrs of keen competltkiB 
cannot do better tiian pofchasa this book."^BaJUf^s Ti$n*s. 



••^ 



MODERN FLOUR CONFECTIONER. 

Containing a lars^e CollecticHi of Recipes for Cheap Cakes, Biscuits, &c. With 

remarks on the Ingredients Used in their Manufacture. By R. Wblls I/O 

" The work is of a decidedly practical character, and in every ncipe regard is had to economical 
working."— /V*r/* SrMth Daily Mail. 

SAVOURIES AND SWEETS 

Suitable for Luncheons and Dinners. By Miss M. L. Allen (Mrs. A. 
Macaire), Author of " Breakfast Dishes," &c. Thirtieth Edition. F'cap 
8vo, sewed I/O 

BREAKFAST DISHES 

For Every Morning of Three Months. By Miss Allen (Mrs. A. Macairb), 
Author of "Savouries and Sweets," &c. Twenty-second Edition. F'cap 8vo, 
sewed I/O 

MOTOR CARS OR POWER CARRIAGES FOR COMMON 

ROADS. 

By A. J. Wallis-Tayler, A.M.Insf. C.E. Crown 8 vo, doth . . 4/6 

" A work that an engineer, thinldng of turning his attention to motor-carriage work, would 
do well to read as a preliminary to starting operations." — Engineering. 

FRENCH POLISHING AND ENAMELLING. 

A Practical Book of Instruction, including numerous Recipes for making 
Polishes, Varnishes, Glaze Lacquers, Revivers, &c. By R. Bttmead. 
Crown 8vo, cloth 1/6 

CEMENTS, PASTES, GLUES, AND GUMS. 

A Guide to the Manufacture and Application of Agglutinants for Workshop, 
Laboratory, or Office Use. With 900 Recipes and Formulae. By H. C. 
Standage. Crown 8vo, cloth 2/0 

" As a revelation of what are considered trade secrets, this book will arouse an amount of 
curiosity among the large number of industries it touches." — Daily Chronicle. 

PRACTICAL ORGAN BUILDING. 

By W. E. Dickson, M.A., Precentor of Ely Cathedral. Second Edition, 
Revised. Crown 8vo, cloth 2/6 

•• The amateur builder will iind in this book all that is necessary to enable him personally to 
construct a perfect organ with his own hands." — Academy. 

COACH-BUILDING: 

A Practical Treatise, Historical and Descriptive. By J. W. Burgess. 

Crown 8vo, cloth 2/6 

"This handbook will supply a long-felt want, not only to manufacturers themselves, but 
more particularly apprentices, and others connected with the trade of coach-building."— £«ro/^a« 
Mail. 

SEWING MACHINERY. 

Construction, History, Adjusting, &c. By J. W. Urquhart. Cr. 8vo 2/0 

WOOD ENGRAVING: 

A Practical and Easy Introduction to the Study of the Art. By W. N. 
Brown. Crown 8vo, cloth • 1/6 

LAUNDRY MANAGEMENT. 

A Handbook for Use in Private and Public Laundries. Cr. 8vo, cloth 2/p 
•• This book should certainly occupy an honoured place on the shelves of all housekeepers 
who wish to keep themselves au courant of the newest appliances and methods."— /A* Queen. 

CONSTRUCTION OF DOOR LOCKS. 

From the Papers of A. C. Hobbs. Edited by Charles Tomlinson, F.R.S. 
With a Note upon Iron Safes by RobertiMallet. Cr. Bvo, cloth 2/6 
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HANDYB00K8 FOR HANDIGRAFT8. 

BY PAUL N. HASLUCK. 

Author oi " Lathe Work," &c. Crown 8vo, 144 pp., price xs. each. 

la* Th$u Hamdvbooks havt be$H writtin to supply imformatUm for WokkmiWi 
Students, and Amatbuks in tht stvtttU Handicra*ts, on tfu actual Pkactioi 0/ 
tht Workshop, and art int§nd§d to convey in plain language Tbchnical Know* 
LBDGB of the several Ckafts. In descrtinng the processes emploved^ and the ntanipU" 
laHon of material, worhshop terms are used ; worhshop practice is fully explained : 
and the text is freely illustrated with drawings of modem tools, appliances, and 
processes, 

MBTAL TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Foot-Lathe. With xoo Illostratlons. 

1/0 
*' TIm book will be of service alike to the anuteur and the artlMui tamet. It dlipttf • 
thofOttgh knowledge of the subject."— sScwIifmaM. 

WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. \^th over zoo Illostrations. 

1/0 

" We recommend the book to youns turners and amatours. A multitude of wockmea have 
UthMto sought in vain for a manual of this special industry."— /fccA^MtfcMi/ ffarUk 

WATCH JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and A4insting. With upwards of 

xoo Illustrations 1/0 

"We strongly advise afl young persons connected whh the watch trade to acqnlie and ttaof 
this Inexpwulve woA,"—CltrktHW4ltChtvHicU. 

PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Founders. With 

upwards of xoo Illustrations I/O 

"A most valuable, if not indispensable manual for the pattern maker."— JiTiMwiMlft. 

MECHANIC'S WORKSHOP HANDYBOOK. 

A Practical Manual xm Mechanical Manipulation, embracing Information 
on various Handicraft^ Processes. With useful Motes and Miscellaneous 

Memoranda. Comprising about 900 Subjects • 1 /Q 

** A very clever and useful book, which should oe found in every workshop { and It shoula 
certainly find a place in all technical wchooiM.'—Saiurday Jttview. 

MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 

upwards of xoo Illustrations I/O 

•' Mr, Haahick has produced a very good little book." ■ MuiMtr. 

CLOCK JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repauing, and A4insdng. With upwards of 

xoo Illustrations 1/0 

" It is of inestimable service to those commencing the trade."— C««fft*y Skmdmrd, 

CABINET WORKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and Processes 
employed in Cabinet Work. With upwards of xoo Illustrations . (I/O 
" Mr. Hasluck s thorough-going little. Handy book is amongst the moat ptactlcal guides we 
have seen for beginners in cannet-wonc."— SoAfritey RgvUm. 

WOODWORKER'S HANDYBOOK. 

Embracing Information on the Tods, Materials, Appliances and Plrooesses 
Employeain Woodworking. With X04 Illustrations . .1/0 

** Written by a man who knows, not only how work ought to be done, but bow to do It, aao 



how to convey his knowledge to (A\Mtt."—EngiH«trin£. 

** Mr. Hasluck writes admirably, and gives complete instructtons."— g>y < > M »r. 

** Mr. Hasluck combines the experience of a practical teacher with the manipulative skill and 
scientific knowledge of processes of the trained mechanician, and the manuals are marvels of what 
can be produced at a popular price."— sScAatf/Morarr. 

** tidpfiil to workmen of^all ages and degrees of experience "-^Umiiy Chr0iiit€le. 

".Cooiose, dear, and pmctlcaiL"— SacwMMy Rtvtgm, 

L. D 
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COMMERCE, COUNTING-HOUSE WORK, 

TABLES, ETC- 



LE550N5 IN COMMERCE. 

By Professor R. Gambaro, of the Royal High Commercial School at Genoa. 
Eidited and Revised by Jambs Gault, Professor of Commerce and Commercial 
Law in King's College, London. Fifth Edition. Crown 8vo, cloth 3/8 

" The publishers of this work have rendered considerable service to the cause ol commercial 
education by the opportune production of this volume. . . . The work is peculiarly acceptable to 
Ens[lish readers and an admirable addition to existing class books. In a i^urase, we think the work 
attams its object in fumishing a brief account of those laws and customs of British trade with which 
the commercial man interested therein should be fjamiliar."— CAam^^ ^ Centftierct journal. 

" An invaluable guide in the hands of those who are preparing for a commeicnl career, and, 
in fact, the information it contains on matters of business should be impressed on every one."— 
Ccuniinff House, 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Corres{)ondence in Five Languages — English, 
French, German, Italian, and Spanish. By Conrad E. Bakes. Third 
Edition, Carefully Revised Throughout. Crown 8vo, cloth . . 4/6 

" Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do 
better than study_ this work, the materials of which are excellent and convooiently arranged. Th^ 
consist not of entire specimen letters, but — what are far more useful — short passages, sentences, or 
phrases expressing the same general idea in various forms. '—'AOufueuttt, 

" A carefiil examination has convinced us that it b unusually complete, well erfanged and 
reliable. The book is a thoroughly good one. "ScfuolmasUr. 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accountants and Manufactturers, with Appendices on the 
Nomenclature of Machine Details; the Income Tax Acts; the Rating of 
Factories ; Fire and Boiler Insurance ; the Factory and Workshop Acts &c., 
including also a Glossary of Terms and a large number of Specimen Rtilings. 
By Emilb Garckb and J. M. Fells. Fifth Edition, Revised and Enlarged. 
Demy 8vo, cloth 7/6 

" A very interesting description of the requirements of Factory Accounts. . . . The principle 
of assimilating the Factory Accounts to the general commercial books is one which we thoroughly 
agree witiu"— Accountants' youmal. 

" Characterised by extreme thoroughness. There are few owners of fiactorles who would not 
derive great bwiefit from the perusal of this most admirable ^itosk,"— Local G^vtrnmntt ChronicU, 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the present Century. \^th 
an Appendix containing a proposed English System. By Lewis d'A. 
Jackson, A. M. Inst. C. E., Author of " Aid to Survey Practice," &c. Large 

crown 8vo, cloth 1 2/8 

" We recommend the woric to aU Interasted In the practical rafonn of otur weli^ts and 
measures."— yVo/MTv. 

A SERIES OP METRIC TABLES. 

In which the British Standard Measures and Weights are compared with those 

of the Metric System at present in Use on the Continent. By C. H. Dowling, 

C.E. 8vo, cloth 10/6 

" Mr. Dowlmg's Tables are well put together as a ready leckoner for the converskm of one 
system into the <a3:iSK."—Athotueutn. 

IRON AND METAL TRADES' COMPANION. 

For E^peditiotisly Ascertaining the Value of any Goods bought or sold by 
Weight, from xs. per cwt. to xxas. per cwt., and from one farthing per pound to 
one shilling per potmd. By Thomas Downib. Strongly bound in leather, 

396 pp 9/0 

" A most useful set of tables, nothing like them before vidaXnA." ^Building News. 
" Although specially adapted to the iron and metal trades, the tables wiu be found nsefkil in 
every other bci»Mss in which merchandise is bought and sold by weight "^JEaitftvHty Ntwt, 



COMMERCE, COUNTING-HOUSE WORK, TABLES, ««. 31 
NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 

Containing npwards of 950,000 Separate Calculations, showing at a Glance the 
Value at 433 Different Rates, ranging from ttfih of a Penn;^ toaoi. each, or per 
cwt., and £ao per ton, of any number of articles consecutively, from z to 47a 
Any number of cwts., ors., and lbs., from z cwt. to 470 cwts. Any number oif 
tons, cwts., qrs., and lbs., from z to z,ooo tons. By William Chadwick, 
Public Accountant. Fourth Edition, Revised and Improved. 8vo, strongly 

bound 18/0 

" It Is as easy of reference for any answer or any number of answera as a dictionary. For 
maktav vp accounts or estlmatei the book must prove uiTaluable to all who have any conmarabia 
quant^ of calculations involving price and measure in any combination to do."--Btitifutr, 
" The most perfect work of the kind yet prepared."— Gter^vw HtraUL, 

THE WEIGHT CALCULATOR. 

Being a Series of Tables upon a New and Comprehensive Plan, exhibiting at 
one Reference the exact Value of any Weight from z lb. to Z5 tons, at 300 
Progressive Rates, from \d. to z68s. per cwt., and containing z86.ooo Direct 
Answers, which, with their Combinations, consisting of a single addition 
(mostly to be performed at sight), will afford an aggregate of zo,a66,ooo 
Answers ; the whole being calculated and designed to ensure correctness and 

gromote despatch. By Hbnry Harbbn, Accountant. Sixth Edition, carefully 
orrected. Royal 8vo, strongly half-bound £1 0t. 

" A practical and useful work of reference for men of buslneas generally."— /yvM«M«Mtfvr. 
"(M pckeieai value to busineas men. It Is a necessary book In all mercantile offlcea."— 

THE DISCOUNT GUIDE. 

Comprising several Series of Tables for the Use of Merchants, Manufacturers, 
Ironmongers, and Others, by which maybe ascertained the Exact Prpfit arising 
ftx>m anv mode of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise anv required Profit after 
allowing one ot more Discounts : to which are added Tables of Profit or 
Advance from x\ to 90 per cent.. Tables of Discount from li; to 98} per cent., 
and Tables of Commission, &c, from | to zo per cent. By Henry Harbbn, 
Accountant. New Edition, Corrected. Demy Svo, half-bound . fil 6t. 

" A book such as this can only be appreciated by business men, to whom the saving of time 
; saving of money. The work must prove of great value to merchants, manufacturers, and' 
dtfadeis."— ^fiMrA TVvMfa ymmal. 

TABLE5 OF WAQE5. 

At 54, 5a, so and 48 Hpurs ,p^ Week. Showing the Amounts of Wages from 
One quarter of an hour to Sixty-four hours, in each case at Rates of Wages 
advancing by One Shilling from 45. to 55s. per week. By Thos. Garbutt, 
Accountant. Square crown 8vo, half-bound 6/0 

IRON-PLATE WEIGHT TABLE5. 

For Iron Shipbuilders, Engineers, and Iron Merchants Containing the 
Calculated \SRughts of upwards of z5o,ooo different sizes of Iron Plates from 
z foot by 6 in. by i in. to zo feet by 5 feet by z in. Worked out on the Basis ct 
4* lbs. to the square foot of Iron of z inch in thickness. By H. Burlinson 
- and W. H. Simpson. 4to, half-bound £1 At. 



ORIENTAL MANUALS AND TEXT-BOOK5. 

NOTICE: — Messrs. Crosby Lockwood & Son will forward 
on application a New and Revised List of Text-books and 
Manuals for Students in Oriental Languages, many of which 
are used as Text-books for the Examinations for the Indian 
Civil Service and the Indian Staff Corps ; also as Class Books 
in Colleges and Schools in India. 

D 2 
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AGRICULTURE, FARMING, 
GARDENING, ETC. 



THE COMPLETE QRAZIER AND FARMER'S AND 

CATTLB BRBBDBR'S ASSISTANT. 

A Compendiom of Husbandry. Originally Written by William Youatt. 
Fourteenth Edition, entirely Ke-written, considerably Enlarged, and brought 
n^ to Present Requirements, by William Frsam, LL.D., Assistant Com* 
missioner, Royal Commission on Agriculture, Author of " The Elements of 
Agriculture," &c. Royal 8vo, z,ioo pp., 450 Illustrations, handsomely bound. 

£1 lit. 60. 



BOOK X. ON THB VARIBTIBS, BRBBOING, 

R baring. Fattening and Managb- 

MBNT OP CATTLB. 
BOOK II. ON THB ECONOMY AND MAM- 

AGBMBNT OF THB DAIRY. 
BOOK III. ON THB BRBBDING. RBARING. 

AND MANAGBMBNT OP HORSBS. 
BdOK IV. ON THB BRBBDING. RBARING. 

AND FATTBNING OP SHBBP. 

Book v. on thb brbbdxng. Rbaring, 
and fattbning op swinb. 

BOOK VI. ON thb DISBASBS OF LiVB 
STOCK. 



BOOK VII. ON THB BRBBDING. RBARING, 
AND MANAGBMBNT OF POULTRY. 

BOOK VIII. ON Farm Ofpicbs and 

IMPLBMBNTS OP HUSBANDRY. 

BOOK IX. On thb Culturb and Man. 

AGBMBNT OP GRASS LANDS. 

BOOK X. On thb Cultivation and 

Application of Grassbs, Pulsb and 

Roots, 
book XI. On manurbs and thbir 

Application to Grass Land and 

Crops. 
Book xil. Monthly Calendars of 

Farmwork. 

" Dr. Fream is to b« congratulated on the successful attempt he has made to give us a worii 
whkh will at once become the standard classic of the &rm piactice of the country. We believe 
that it will be found that it has no compeer among the many works at present in existence. . . , 
The Illustrations are admirable, while the frontispiece, which represents the well-known buU. 
New Year's Gift, bred by the Queen, is a work of art"— 7A< Titms. 

" The book must be recognised as occupying the proud position of the most exhaustive work 
of rafeience in the English language on the subject with which It doal%."—Ath€Haum 

** The most comprehensive guide to modem farm practice that exists in the English language 
to-day. . . . The book is one that ought to be on every turn and In the library of every land 
omTimM,"—AfarM Lant Bj^tss. 

" In point of exhaustiveness and accuracy the work will certainly hold a pie-emlnent and 
■nlqne pontlon among books dealing with scientific agricultural practice. It is. In fact, an agilcul- 
tuzal library in itself "^North BrMsh AgriculturisL 

** This volume occupies the very front place as cin authority on British agriculture ; and even 
in these depressed times no farmer worthy of the name, and taking a pride m his calling, should 
rest satisfied until he has this grand work to refer to for nelp in his struggle for existence and as a 
guide how to make the best of his farm."— /«r»i, Field, and Fireside, 

** In Dr. Fream's accomplished hands ' The Complete Grazier' has taken at a single boun 
a front place au.ougst the agricultural works of the day. . . • As a work of reference it has a 
pre-emment claim upon every farmer."— T^A^ Farmer, 

" 'The Complete Giazier' as it stands is a compendium of authoritative and well'Ordered 
knowledjire on eve^^ conceivable branch of the work of the live-stock fanner ; and the name of Dr. 
Fream will be a<sociated with that of Youatt— the latter as the prime author, the former as the 
perfector— of a production which, on the subject of which it treats, is probably without an equal io 
this or any other country "—The Yorkshire Post. 

5T0CK: CATTLE, SHEEP, AND H0R5ES. 

Vol. III.— OUTLINES OF MODERN FARMING. By R. Scott Burn. 

Woodcuts. Crown 8vo, cloth 2/6 

"The author's grasp of his subject is thorough, and his groupinfi[ of facts effective • • • we 
commend this excellent treatisd"— ^M>fe/y Dispatch. 

5HEEP: 

The History, Structure, Economy, and Diseases of. By W. C. Spoonbr. 
Fifth Edition, with EngravlngS) including Specimens of New and Improved 

Breeds. Crown 8vo. cloth 3/6 

*' The took is decidedly the best of the kind in our language."— 5c0/:rma/f. 

MEAT PRODUCTION: 

A Manual for Producers, Distributors, and Consumers of Butchers' Meat. 

By John Ewart. Crown 8vo, cloth 2/6 

" A conii.act and handy \o\um.c."-~Afeat and Froviston Trades Review, 
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MILK, CHEESE, AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produc- 
tion. Including a Chapter on Cream and the Methods of its Separation from 
Milk. By John Oliver, late Principal of the Western Dairy Institute, 
Berkeley. With Coloured Plates and soo Illustrations. Crown Svo, cloth. 

7/6 
" An ezhanitlve and mastoihr pioductloa. It may be coffdlat^ raconuaeoded to all atodents 

and pfBctitionera of dairy wdtsuM.^— North BrMsh Agrictatuiritt. 

**We vecommend this very oomprahenrive andcareftiUy-wiltteB book to dalry-Cumen and 

Undents of dairying. It Is a disttnct acquisition to the llbnury of the acilculturlst.'*— ^fnfeMiyMrwi 

BRITISH DAIRYINQ. 

A Handy Volume on the Work of the Dalry-Farm. For the Use of Technical 
Instruction Classes, Students in Agricultux«l Colleges and the Working Dairy- 
Farmer. By Prof. J. P. Shbloom. With Illustrations. Second Kdition. 
Revised. Crown 8vo, cloth 2/0 

* Confidently racommended as a useAil text-book on dairy fanning."— ^^ricM/lMfw/ Gamtttt. 
** Probably uie best half-crown nuuBual on dairy work that has yet been ptodaotd."^North 
gtHMth AgrteuUufixU 

'• It b the toundatt Uttle work we have yet seen on the subject"— ?:%< Timu. 



DAlRYj PIQS, AND POULTRY. 

Vol. IV. OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Woodcuts. Crown Svo, cloth • 2/0 

" We can testify to the clearness and intelUgibUity of the matter, which has been compiled 
from the best authorities." — London Review. 

THE ELEMENTS OP AGRICULTURAL QEOLOQY. 

A Scientific Aid to Practical Farming. By Primrosb McConnbll. Author of 
"Note- Book of Agricultural Facu and Figures." Svo, cloth . Utt 21/0 
"On every page the work bears the impress of a masterly knowledge of the subject dealt 
with, and we have nothing but unstinted praise to offer."— ^w/<^ 

SOILS, MANURES, AND CROPS. 

Vol. I.— OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Woodcuts. Crown Svo, cloth • • • • 2/0 

FERTILISERS AND FEEDING STUFFS. 

Their Properties and Uses. A Handbook for the Practical Farmer. By 
Bernard I>vbr, D.Sc. (Lond.). With the Text of the Fertilisers and Feeding 
StufEs Act of 1893, The Regulations and Forms of the Board of Agriculture, 
and Notes on the Act by A. J. David, B.A.,^ LL.M. Fourth Edition, Revised. 
Crown Bvo, doth • 1 /O 



"Thb little book Is preclsdy what It professes to be— 'A Handbook for the Practical 
er.' Dr. Dyer has done farmers good service in placing at their disposal so much uaefiil 
Information In to intelligible a form."— 7%< Tinut. 

THE ROTHAMSTED EXPERIMENTS AND THEIR 

PRACTICAL LB550N5 FOR PARMBR5. 

Part I. Stock. Part II. Crops. By C. J. R. Tippbr. Crown Svo, doth. 

3/6 

*' We have no doubt that the book wlfl be welcomed by a laq[e clan of Cumen and others 
inte r e rt ed In agricutoue."— XtaMiAirirf. 

SYSTEMATIC SMALL FARMING. 

Or, The Lessons of My Farm. Being an Introduction to Modem Farm 

Practice for Small Farmers. By R. Scott Burn, Author of " Outlines of 

Modem Farming," &c. Crown Bvo, cloth 6/0 

•*Thls Is the completest book of its class we have seen, and one which every amatenr former 
will read with pleasure, and accept as a guide."— ^itr/il. 

THE FIELDS OF GREAT BRITAIN. 

A Text-Book of Agriculture. Adapted to the Syllabus 01 the Sdence and 
Art Department. For Elementary and Advanced Students. By Hugh 
Clbmsnts (Board of Trade). Second Edition, Revised, with Additions. 
z8mo, doth 2/6 

" It is a long time since we have seen a book which has pleased us more or which cootains 
such a vast and usefol fond of knowledge."— iB«fM«a<)iMa/ Tintts, 
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OUTLINES OF MODERN FARMING. 

By R. Scott Burn. Soils, Manures, and Crops — Farming and Farmincr 
Economy — Cattle, Sheep, and Horses — Management of Dairy, Pigs, and 
Poultry — Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In 
One Vol., 1,250 pp., half-bound, profusely Illustrated. ... "I 2/0 

" The aim of the author has been to make his work at once comprehensive and trustworthy, 
and in this aim he has succeeded to a degree which entitles him to much credit."— Afomifig' 
Advertiser. 

FARM ENQINEERINQ, The COMPLETE TEXT-BOOK of. 

Comprising Draining and Embanking; \ Irrigation and Water Supply ; Farm 
Rpads, Fences and Gates ; Farm Buildmgs ; Barn Implements and Machines ; 
Field Implements and Machines ; Agricultural Surveying, &c. Bv Professor 
John Scott. In One Vol., XfXSo pp., half-bound, with over 600 Illustrations. 

12/0 

** Witttan with great care, as well as with knowledge and abllltjr. The author has done hb 
woric well ; we have round him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students."— JforA Laru Express , 

DRAINING AND EMBANKING. 

A Practical Treatise. By John Scott, late Professor of Agriculture and 
Rural Economy at the Royal Agricultural College, Cirencester. With 68 

Illustrations. Crown 8vo, cloth "1/3 

" A valuable handbook to the engineer as well as to the surveyor."— Z.a/f</. 

IRRIGATION AND WATER SUPPLY* 

A Practical Treatise on Water Meadows, Sewage Irrigation, Warping, &c.; 
on the Construction of Wells, Ponds, and Reservoirs, &c. By Professor 
J. Scott. Crown Bvo, cloth ....;... 1 /fi 

" A valuable and indispensable book for the estate manager and oyra&x."—Foresti •», 

FARM R0AD5, FENCES, AND GATES: 

A Practical Treatise on the Roads, Tramways, and Waterways of the 
Farm ; the Principles of Enclosures ; and on Fences, Gates, and Stiles. By 
Professor John Scott. Crown 8vo, cloth "I /Q 

"A useful practical work, which should be in the hands of every farmer." — Farmer. 

BARN IMPLEMENTS AND MACHINES: 

Treating of the Application of Power to the Operations of Agriculture and 
of the various Machines used in the Threshing-barn, in the Stockyard, 
Dairy, &c. By Professor John Scott. With 123 Illustrations. Crown 
8vo, cloth 2/0 

FIELD IMPLEMENTS AND MACHINES: 

With Principles and Details of Construction and Points of Excellence, their 
Management, &c. By Professor John Scott. With 138 Illustrations. 
Crown 8vo, cloth 2/0 

AGRICULTURAL SURVEYING: 

A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions 
for Valuing and Reporting on Farms anoEstates. By Professor J. Scott. 
Crown 8vo, cloth 1/6 

OUTLINES OF FARM MANAGEMENT, 

Treating of the General Work of the Farm; Stock; Contract Work, 
Labour, &c. By R. Scott Burn. Crown 8vo, cloth . 2/6 

"The book is eminently practical, and may be studied with advant?]?e by begfinners in 
agriculture, while it contains hints which will be useful to old and successful farmers."— Sco/'frnaK. 

OUTLINES OF LANDED ESTATES MANAGEMENT. 

Treating of the Varieties of Lands, Methods of Farming, the Setting-out of 
Farms, «c. ; Roads, Fences, Gates, Irrigation, Drainage, &c. By R. S. Burn. 

Crown 8vo, cloth 2/6 

" A codipleterand comprehenave outline of the duties appertaining to the management of 
landed esUtes.^'~-5'kwma/ 0/ Forestry. 
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FARMING AND FARMING ECONOMY. 

Historical and Practical. Vol. II.— OUTLINES OF MODERN FARMING. 

By R. Scott Burn. Crown 8vo, cloth 3/0 

"Eminently calculated to enlighten the agfricultural community on the varied subjects of 
which it treats ; hence it should find a place in every farmer's librsay."— City Press, 

UTILIZATION OF SEWAGE, IRRIGATION, &c. 

Vol. V.-OUTLINES OF MODERN FARMING. By R. Scott Burn. 

Woodcuts. Crown 8vo, cloth 2/6 

" A work containing valuable information, which will recommend itself to aU interested in 
modern farming."— /'iWt/. 

NOTE-BOOK OF AGRICULTURAL FACT5 & FIGURES 

FOR FARMERS AND FARM STUDENTS. 

By Primrose McConneli^ B.Sc, Fellow of the Highland and Agricultural 
Society. Author of "Elements of Farming." Sevenlh Edition, Re-written, 
Revised, and greatly Enlarged. Fcap. 8vo, 480 pp., leather, gilt edges. 

[Just PitiiisJkel. mt 7/6 

CONTBHTS :— SURVBYING AND LBVBLUNG.— WbIGHTS AND MBASURBS.— MACHINERY 
AND BUILDINGS. — LABOUR. — OPBRATIONS. — DRAINING. — EMBANKING. — GBOLOGICAL 

Mbmoranda. — SOILS. — Manures. — Cropping. — crops —rotations. -> wbbds. -^ 
FBbding.— Dairying.— Live stock.— horsbs.— Cattle. — sheep.— Pigs.— poultry.— 
FORBSTRY.—HORTicuLTURB.— Miscellaneous. 

** No fanner, and certainly no ai^rlcuitural student, ought to be without this mulHnn-in-pmrvo 
OMaoal of all tublects connected with the fonn."— iV«r<A British AericuUurist. 

** This little pocket-book contains a large amount of useful information upon all kinds of 
■gricultural subjects. Something of the kind has long been wanted."— Afar* Lane Express. 

"The amount of Information It contatns is most surpiisuig ; the arrangement of the matter is 
io methodical — although to compressed— «» to be lntelll|iibie to everyone who takes a glance through 
Its pages. They teem with information.' —Farm and Home, 

TABLE5 and MEMORANDA for FARMERS, QRAZIER5, 

AGRICULTURAL 5TUDBNT5, 5URVBYOR5, LAND A0BNT5, 
AUCT10NBBR5, Ac. 

With a New System of Farm Book-keeping. Bv Sidney Francis. Fifth 
Edition, aja pp., waistcoat-pocket size, limp leather . • 1/6 

"Weighing less than i os., and occupyiiuf no more apace than a match-box. It contains amass 
of ftictsand calculations which has never before, in such handy form, been obtainable. Every 
operatloa on the farm is dealt with. The work may be taken as thoroughly accurate, e whole of 
Ilia tables having been revised by Dr. Fream. We cordially recommend it."— Be/fs H^uMfy 
MtsstMgt* 

THE HAY AND STRAW MEASURER: 

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw 

Dealers, &c., forming a complete Calculator and Ready Reckoner. By 

John Steele. Crown 8vo, cloth 2/0 

"A most useful handbook. It should be in every professional office where agricultural 
valuations are conducted."— /.a»<if A^enfs Record. 

READY RECKONER FOR ADMEASUREMENT OF LAND. 

By A Armam. Revised and extended by C. Norris, Surveyor. Fifth 
Edition. Crown 8vo, cloth 2/0 

" A very useful book to all who have land to measure."— ^ar^^ Lane Exj^ress. 

'* Should be in the hands of all persons having any connection with land. — /n'jA Farm. 

READY RECKONER FOR MILLERS, CORN MER- 
CHANTS, 

And Farmers. Second Edition, revised, with a Price List of Modem Flour 

Mill Machinery. By W. S. Hutton, C.E. Crown 8vo, cloth . . 2/0 

"Will prove an indispensable vade mecum. Nothing has been spared to make the book 
complete and perfectly adapted to its special purpose."— i)/>7^r. 

BOOK - KEEPING FOR FARMERS AND ESTATE 

OWNERS. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
classes of Farms. By J. M. Woodman, Chartered Accoimtant. Fourth 
Edition. Crown Svo, cloth 2/6 

" Will be found of great assistance by those who intend to commence a system of book* 
keepinif, the author's examples being clear and explicit, and his explanations full and accurate."— 
Live Stock yountaL 
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WOODMAN'5 YBARLY FARM ACCOUNT BOOK. 

Giving Weekly Labour Account and Diary, and showing the Income and 
Expenditure under each Department of Crops, Live Stock, Dairy, ftc, &c. 
With Valuation, Profit and Loss Account, and Balance Sheet at the Rnd of the 
Year. By Johnson M. Woodman, Chartered Accountant. Second Edition. 

Folio, half-bound I/ei 7/6 

" Contains every requisite for keeping turn accounts nwdUy and accaratel]r."i— ^^HlcMAiMrv. 

THE HORTICULTURAL NOTE-BOOK. 

A Manual of Practical Rules, Data, and Tables, for the use of Students, 
Gardeners, Nurserymen, and others interested in Flower, Fruit, and Vegetable 
Culture, or in the Laying-out and Management of Gardens. By J. C. 
Newsham, F.R.H.S., Headmaster of the ^ Hampshire County Council 
Horticultural School. With numerous Illustrations. Fcap 8vo, cloth. 

[Just Published. Net 7/6 

MARKET AND KITCHEN GARDENING, 

By C. W. Shaw, late Editor of " Gardening Illustrated." Crown 8vo 3/6 
" The most valuable compendium of kitchen and market-grarden work published." — Farmer, 

A PLAIN GUIDE TO GOOD GARDENING ; 

Or, How to Grow Vegetables, • Fruits, and Flowers. Bv S. Wood. Fourth \ 

I Edition, with considerable Additions, and numerous Illustrations. Orown 

; 8vo, cloth 8/6 ' 

' " A very ifood book, and one to be highly recommended as a practical guide. The practical j 

directions are excellent."— ^M«furM«n. 

THE FORCING GARDEN; 

I Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and i 

Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 
By Samdbl Wood. Crown 8vo, cloth ....... 3/6 

" A good book, containing a great deal of valuable teaching."— <lranii!r«Mrr' MmguiHM*, 



KITCHEN GARDENING MADE EASY. 

Showing the best means of Cultivating every known Vegetable and Herb, 
&c., with directions for management all the year round. By Geo. M. F. 

Glenny. Illustrated. Crown 8vo, cloth 1/6 

" This book will be found trustworthy and \xse.f\x\."— North British Agriculturist. 

I COTTAGE GARDENING; 

1 Or, Flowers, Fruits, and Vegetables or Small Gardens. By E. Hobday. 

\ Crown 8vo, cloth 1/6 

\ " Definite instructions as to the cultivation of small %9x^va&." —Scotsman. 

GARDEN RECEIPTS, 

i Edited by Charles W. Quin. Fourth Edition. Crown 8vo, cloth . 1 /6 

] "A singularly complete collection of the principal receipts needed by gardeners."— Farwi^r, 

I MULTUM-IN-PARVO GARDENING; 

I Or, How to Make One Acre of Land produce £fi^o a year, by the Cultivation 

of Fruits and V^etables ; also. How to Grow Flowers in Three Glass Houses. 

' so as to realise ^176 per annum clear Profit. By Samuel Wood, Author of 

{ " Good Gardening, &c. Sixth Edition, Crown 8vo, sewed . •1/0 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown 8vo, cloth . 3/6 

FRUIT TREES, 

The Scientific and Profitable Culture of. From the French of M. Du 
Breuil. Fifth Edition, carefully Revised by George Glenny. With 187 

Woodcuts. Crown 8vo, cloth . 3/6 

•' The book teaches how to prune and train fruit trees to f>erfection."— AVWl 
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ART OP QRAFTINQ AND BUDDING. 

By Charles Baltbt. With Illustrations. Crown 8vo, cloth 
**The one standard work on this subject."— Siro^maM. 



2/6 



TREE PRUNER: 

Being a Practical Manual on the Pruning of Fruit Trees, including also 
their Training and Renovation, also treating of the Pruning of Shrubs, 
Climbers, and Flowering Plants. With numerous Illustrations. By 
Samuel Wood, Author of " Good Gardening," &c. Crown 8vo, cloth 1 /Q 
. *' A useful book, written by one who has had great experience."— ^arvt Lane Express, 

TREE PLANTER AND PLANT PROPAGATOR: 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 

Houses, Pits, &c. By S. Wood. Crown 8vo, cloth .... 2/0 

" Sound in its teachinsf and verj' comprehensive in its aim. It is a good \]ioo\i."—GardtHer^ 
Magaxine. ' 

*^* Tkt above Two Vols in One^ handsomely half-hound, entitled "The Tree 
Planter, Propagator and Pruner." By Samuel Wood. Price S/S* 

THE CULTIVATION AND PREPARATION OF PARA 

RUBBER. 



By W. H. Johnson, F.L.S., F.R.H.S. Svo cloth 
For Summary of Contents, see page 44. 



Net 7/6 



POTATOES: HOW TO GROW AND 5H0W THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potato. 
By J. Pink. Crown Svo 2/0 

BBE5 FOR PLEASURE AND PROFIT. 

A Guide to the Manipulation of Bees, the Production of Honey, and the 
General Management of the Apiary. By G. Gordon Samson. With 
numerous Illustrations. Crown 8vo, wrapper i /Q 



AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, ETC. 



INWOOD'S TABLES FOR PURCHASING ESTATES 

AND FOR THE VALUATION OP PROPBRTIBS, 

Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities, 

Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 

Mortrages, Perpetuities, Renewals of Leases, Reversions, Sinking Funds, 

&c., &c. aSth Edition, Revised and Extended by William Schooling, 

F.R. A.S., with Logarithms of Natural Numbers and Thoman's Logarithmic 

Interest and Annuity Tables. 360 pp.. Demy Svo, cloth . . Net 8/0 

" Those Interested in the purchase and sale of estates, and In the adjustment of compensatloo 

caMS, as well as in transactions in annuities, life insurances, &c., will &id the present edition of 

eminent 9ien\c^"—Etti>iH€erinsr. 

"This valuable book has been considerably enlarged and improved by the labours of 
Mr. Schooling, and is now very complete \xiditi6d.'*—Bamomist. 

^ " Altogether this edition will prove of extreme value to many classes of professional 
havmg them many long and tedious calculations."— /nt«jA>rr' Review. 



in 
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AGRICULTURAL SURVEYOR AND B5TATE AGENT'S 

. HANDBOOK. 

Of Practical Rules, Formulae, Tables, and Data. A Comprehensive Manual 
for the Use of Surveyors, Agents, Landowners, and others interested in the 
Equipment, the Man^ement, or the Valuation of Landed Estates. By 
Tom Bright, Agricultural Surveyor and Valuer, Author of " The Agn* 
cultural Valuer's Assistant," &c. With Illustrations. Fcap. 8yo, Leather. 

N€t 7/6 

" An exceeding^ly useful book, the contents of which are admirably chosen. The classes for 
whom the work is intended will And it convenient to have this comprehensive handbook accessiUe 
for reference."— £rv« Stock y<ntmal. 

" It is a singularly compact and weD informed compendium of the facts and figures Ukely to 
be required in estate work, and is certain to prove of much service to those to whom it is 
addressed."— 5r0£riMaH. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Cotmsel for the Young Auctioneer. By Robsrt 
Squibbs, Auctioneer. Second Edition, Revised Demy 8vo, cloth . 1 2/6 

"The work is one of genetal excellent character and gives much Information in a com- 
pendious and satisfactory tona."— Builder. 

" May be recommended as giving a great deal of information on the law ralsting to 
auctioneers, in a very readable form/'— Z,aw youmal. 

THE APPRAISER, AUCTIONEER, BROKER, H0U5E 

AND ESTATE AGENT AND VALUER'^ POCKET A5515TANT. 

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and 
Reversions, and of Property generally ; with Prices for Inventories, &c. By 
John Wheeler, Valuer, &c. Re-written and greatly Extended by C. NoRRis. 
Seventh Edition Royal samo, cloth 6/0 

" A neat and concise book of reference, containing an admirable and clearly -arranged list of 
prices for inventories, and a veiy practical guide to determine the value of furniture, &c. "—Standard. 

"Contains a lai^fe quantity of varied and useful information as to the valuation for purchase, 
sale, or renewal of leases, annuities and reversions, and of property generally, with prices for 
inventories, and a guide to determine the value of interior fittings and other effects."— iBMs/<f«r. 

THE AGRICULTURAL VALUER'5 ASSISTANT. 

A Practical Handbook on the Valuation of Landed Estates; including 
Example of a Detailed Report on Management and Realisation ; Forms of 
Valuations of Tenant Right ; Lists of Local Agricultural Customs ; Scales of 
Compensation under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Lands Clauses Acts. &c. By Tom Bright, Agricul* 
tural Valuer. Author of "The Agricultural Surveyor and Estate Agent's 
Handbook." Fourth Edition, Revised, with Appendix containing a Digest of 
the Agricultural Holdings Acts, 1883— iqoo. Crown 8vo, cloth . Net 6/0 

" Full of tables and examples hi connection with the valuation of tenant-right, estates, labour, 
contents and weights of timber, and farm produce of all )dad&."—Aericuitural GaMetU. 

" An eminently practical handbook, full of practical tables and data of undoubted inteaaatand 
▼able to surveyors and auctioneers in preparing valuations of all kinds."— ^0rm<r. 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating tne Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Underwoods, their Valuation for 
Purposes of Transfer, Rental, Sale or Assessment. By Tom Bright. Crown 
Svo, cloth ' . . . . 3/6 

" To valuers, foresters and agents it will be a welcome ai±"— North British Agriculturist 
" Well calculated to assist the valuer hi the discharge of his duties, and of undoubted Interest 
and use both to surveyom and iiuctlrmeer^ in preparing valuations of all Undi."— Ar(f»/ H*raui. 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulae, Tables, and Memoranda required in any Computation 
relatmg to the Permanent Improvement of Landed Property. By Tohn Ewart. 
Surveyor. Second Edition Revised. Royal 32mo, oblong, leatner . 4/0 

" A compendious and handy little voAxaoib."—Sif4ctator. 
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THE LAND VALUER'5 BEST A55I5TANT. 

Being Tables on a very much Improved Plan^ for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial Cutt(»nary 
Acres to Statute Measure. &c. By R. Hudson, C.E. New Edition. 
Royal 39mo, leather, elastic oand ........ 4/0 

" Of Inraicnhble value to the country gentleniaii and professional man."— FannMrr' y»itrnat. 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

*Bein|: the aboVe T#o Works bound together. Leather . 7/6 



MATHEMATICS, ARITHMETIC, ETC. 



TREATISE ON MATHEMATICS, 

As applied to the Constructive Arts. By Francis Campin, C.E., &c. 
Third Edition. Crown 8vo, cloth 3/0 

".Should be in the hands of every one connected with buildinsf construction."— ^M(7<i^rr' 
Reporter, 

SLIDE RULE, AND HOW TO USE IT. 

Containing full, easy, and simple Instructions to perform all Business Cal- 
culations with unexampled rapidity and accuracy. By Charles Hoarb, 
C.E.' With a Slidd Rufe, in'tuck of cover. Eighth Edition. Cr. 8vo 2/6 

MATHEMATICAL TABLES, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixeaa Treatise on Logarithms. Bv H. Law, C.E. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor 
J. R.'YouKG. 'Nevfr Edition. Crown 8vo, cloth .... 4/0 

LOGARITHMS. 

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical 
Calculations. By Henry Law, C.E. Revised Edition. (Forming part of 
the above work.) Crown 8vo, cloth ....... 3/0 

EUCLID, 

The Elements of; with many Additional Propositions and Explanatory 
Notes ; to which is prefixed an Introductory Essay on Logic. By Henry 

Law, C.E. Crown 8vo, cloth 2/6 

*♦* Sold also separately, vix. : — 

EUCLID. The First Three Books. By Henry Law, C.E. Crown 8vo, 

cloth 1/« 

EUCLID. Books 4, 5, 6 ix, 12. By Henry Law, C.E. Crown 8vo, cloth 

1/6 

THEORY OF COMPOUND INTEREST AND ANNUITIES, 

With Tables of Logarithms for the more Difficult Computations of Interest, 
•Discount, Annuities, &c., in all their Applications and Uses for Mercantile 
and State Purposes. By Fedor Thoman, of the SocUt£ Credit Mobilier, 
Paris. Fourth Edition. Crown 8vo, cloth 4/0 

" A very powerful work, and the author has a very remarkable conunand of his subject."— 
Professor A. DE MORGAN. " We recommend it to the notice of actuaries and accountants."— 

ARITHMETIC, 

Rudimentary, tor the Use of Schools and Self-Instruction. By Jambs 
Haddon, M.A. Revised by Abraham Arman. Crown 8vo, cloth . 1 /6 
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ARITHMETIC, 

A Rudimentary Treatise on : with full Explanations of its Theoretical Prin- 
ciples, and numerous Examples for Practice. For the use of Schools and 
for Self-Instruction. By J. R. Young, late Professor of Mathematics in 
Belfast College. Fourteenth Edition. Crown 8vo, cloth • • .1/6 

KEY TO THE ABOVE: 

By J. R. Young. Crown 8vo, cloth. • , , . . • .1/6 

EQUATIONAL ARITHMETIC, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce: with various Tables by which all calculations may be greatly 
facilitated. By W. Hifsley. Crown 8vo, cloth . • • . • 1 /6 

COMMERCIAL BOOK-KEEPING. 

With Commercial Phrases and Forms in English, French, Italian, and 
German. By Tames Haddon, M.A., formerly Mathematical Master, King's 
College School. Crown 8vo, cloth 1/6 

ALGEBRA, 

The Elements of. By James Haddon, M.A., formerly Mathematical 
.Master of King's College School. With Appendix, containing Miscellaneous 
Investigations, and a collection of Problems. Crown 8vo, cloth . 2/0 

KEY AND COMPANION TO THE ABOVE. 

An extensive repository of Solved Examples and Problems in Illustration 
of the various Expedients necessary in Algebraical Operations. By J. R. 
Young. Crown 8vo, cloth . .1/6 

DESCRIPTIVE GEOMETRY, 

An elementary Treatise on ; with a Theory of Shadows and of Perspective 
extracted from the French of G. Monge. To which is added a Description 
of the Principles and Practice of Isometrical Projection. By J. F. Heather, 
M.A. With 14 Plates. Crown 8vo, cloth 2/0 

PRACTICAL PLANE GEOMETRY: 

Giving the Simplest Modes of Constructing Figures contained in one Plane 
and Geometrical Construction of the Ground. By J. F. Heather, M.A. 
Crown 8vo, cloth 2/0 

"The author is well-known as an experienced professor, and the volume contains as complete 
a collection of problems as is likely to be required in ordinary practice." — Architect. 



ANALYTICAL GEOMETRY AND CONIC SECTIONS- 

By J. Hann. Enlarged by Professor J. R. Young. Crown 8vo, cloth 2/0 

" The author's style is exceedinjflv clear and simple, and the book is well adapted for the 
beginner and those wbo may be obligea to have recourse to self-tuition." — Engineer. 



PLANE TRIGONOMETRY, 

The Elements of. By James Hann, M.A. Seventh Edition. Cr. 8vo. 1 /6 

SPHERICAL TRIGONOMETRY, 

The Elements of. By James Hann. Revised by Charles H. Dowling, 

C.E. Crown 8vo, cloth 1/0 

♦** Or with " The Elements of Plane Tngonometry^" in One Vol. Crown 
8vo, cloth 2/6 

DIFFERENTIAL CALCULUS, 

Elements of the. By W. S. B. Woolhouse. Crown 8vo, cloth . 1 /6 

INTEGRAL CALCULUS. 

By HoMERSHAM Cox, B.A. Crown*8vo, cloth ; . . (1/6 
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MATHEMATICAL INSTRUMENTS, 

A Treatise on ; Their Construction, Adjustment, Testing and Use concisely 
explained. By J. F. Heather, M.A., of the Royal Military Academy, 
Woolwich. Fifteenth Edition, Revised with Additions, by A. T. Walmis- 
LEY, M.Inst.C.E., Fellow of the Surveyors' Institution. Original Edition in 
One Vol., Illustrated. Crown 8vo, cloth ....*• 2/0 
In ordering be careful to say " Original Edition" to distinguish it from the 
Enlarged Edition in Three Vols, (see below). 






DRAWING AND MEASURING INSTRUMENTS^ 

Including— I. Instruments employed in Geometrical and Mechanical Draw- 
ing, and in the Construction, Copying, and Measurement of Maps and 
Plans. II. Instruments used tor the purposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Heather, M.A. Cr. 8vo 1 /6 

OPTICAL INSTRUMENTS. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 

Sroducing copies of Maps and Plans by Photography. By J. F. Heather, 
[.A. Illustrated. Crown 8vo, cloth . . . • . , • 1 /6 

SURVEYING AND ASTRONOMICAL INSTRUMENTS, 

Including— I. Instruments used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments employed in Astronomical Obser- 
vations. By J. F. Heather, M.A. Illustrated. Crown 8vo, cloth .1/6 
*♦* The above Three Volumes form an Enlargement of the Author's original work 

" Mathematical Instruments," prtce 2/0* 

MATHEMATICAL INSTRUMENTS: 

Their Construction, Adjustment, Testing and Use. Comprising Drawing, 
Measuring, Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather. M.A. Enlarged Edition, for the most part re-written. Three 

Parts as above. Crown 8vo, cloth 4/6 

" An exhaustive treatise, belonging to the well-known Weale's Series. Mr. Heather's experi- 
ence well qualifies him for the task he has so ably {u]6\led."—£njiineerin£' and Builditiff Times, 



STATICS AND DYNAMICS, 

The Principles and Practice of ; embracing also a clear development of 

Hydrostatics, Hydrodynamics, and Central Forces By T. Baker, C.E. 

- Fourth Edition. Crown 8vo, cloth * 1 /6 
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EVERY MAN'S OWN LAWYER. 

A Handy-Book of the Principles of Law and Bqnity. With a Conciss 
Dictionary op Legal Terms. By A Barrister. Forty-third Edition, 
carefully Revised, and comprising New Acts of Parliament, including the 
Trades Marks Act, 1905; Railway Fires Act, 1905; Aliens Act, 1905; 
Unemployed Workmen's Act, xoo$; Marriages Act, 1905; Prevention of 
Cruelty to Children Act, 1904 ; Weights and Measures Act, 1904 ; Shop Hours 
Act, 1904; and many other recent Acts, including the New Law relating to 
the Granting of Patents for Inventions, which came into operation on Jan. x, 
Z905. Judicial Decisions pronounced during the year have also been duly 
noted. Large Crown 8yo, 838 pp., cloth. [Ji*st Published. Net 6/0 

*•* Thie Standard Work of Rejeronct forms a Complbts Epitome op the 
Laws op England, comprising {amomgst other meitter) ; 

THE RIGHTS AND WRONGS OF INDIVIDUALS 



Landlord and Tbnant 
Vendors and purchasers 
Contracts and agrbbmbnts 
conveyancbs and mortgages 
Joint-stock Companies 
Partnbrship. Shipping Law 
Dbalings with monby. suretiship 
CHBQUBS, Bills and notbs 
Bills op sale. Bankruptcy 
Masters, Servants and Workmbn 
insurance: lipb, accident, etc. 



Copyright, patents. Trade Marks 
husband and wipe, divorce 
inpancy, custody op children 
Trustees and Executors 
Taxes and dbath duties 
Clergymen, doctors, and Lawyers 
Parliamentary Elections 
Local Government 
Libbl and slander 
Nuisances. Criminal Law 
Game Laws, Gaming, Innkeepers 



FORMS OP Wills, Agreements, notices. &c. 

M^ Z7u abjttt ^ this w«r* is U stuibU fhoss wh* eonstUtit U hslp ttumsttvss ta tlu 
Ifw : and thsre^ to disfsrus, as far asftssiile, wUhpro/kssianal assistanct and advice. Thsrt 
art many wrongs and grievances which persons submit to from tims to timt through not 
knomHng how or where to afply for redress ; and many persons have as great a dread o^a 
lawyers e^lct as ^a lion's dm. With this book at hand it is believed that many a SiX'AND. 
EightpenCB may be setved; manv a wrong redressed ; many a right reclaimed; many a lam 
suit avoided : and many an evil tooted. The work has establishea itse{^ «u the standard l^rai 
adviser ^ all classes, and heu eUso made a reputation for itse(^ as a us^/itlbooh of reference for 
Unoyers residing at a distance from Una libraries, who are glad to have at hand a worik 
emfodying recent lUeisions and enac t m ents . 

*«* Opinions op the Press. 

" The amount of Information jfiven in the volume is simply wondeiAiL The condnued 
popularity of the work shows that it fulfils a useful purpose."— Z^w youmaL 

' " As a book of reference this volume is without a xivaL"^Pall Mall Gaaette. 

" No Englishman ought to be without this YMo'k."— Engineer. 

"Ought to be in every business establishment and in all ]Xhnnt&."— Shield Post. 

'* The ' Concise Dictionary ' adds considerably to its vaine."— Westminster Gasette. 

" It is a complete code of English Law written in plain language, which all can undentand. 
. . . Should be in the hands of every business man, and all who wish to aboUsh lawyers' biOs."— 
Weehfy Times. 

" A useful and concise epitome of the law. compiled with considerable aun."—Letw Magaaine. 

" A complete digest of the most useful facts which constitute English \Mm."'— Globe. 

"AdmiraMy done, admirably aixanged, and admirably chiom'f."— Leeds Mercury. 

" A concise, cheap, and complete epitome of the F.ngHsh law. So plainly wilttea that he who 
runs may read, and he wlio reads may understand."— ^ii;faf«. 

" A dictionary of legal bets well put tc^ether. The book Is a very usefiil one.''^^M«M»r. 



LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts or Works and Services. By 
David Gibbons. Fourth Edition, with Appendix of Statutes by T. F. Uttlby, 



Solicitor. Fcap. 8yo, cloth 
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HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramways, Gas and Water Works, &c. 
By L. L. Macassby, of the Middle Temple, Barrister-at-LAw, M.I.C.E 
8vo, cloth £1 6s. 

PATENTS for INVENTIONS, HOW to PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth '1/6 

CONCILIATION & ARBITRATION in LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the 
Question at Home and Abroad. By J. S. Jeans. Crown vo, soo pp., 
cloth 2/6 

MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By John 
B. Mackik, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0 

" This inTHluable ^ide to Joumalistn is a worle whicli all aspirants to a Joumallstlc career will 
read with advantage."— y«MrM«/»r/. 

I 

DICTIONARY OF PAINTERS, 

And Handbook for Picture Amateurs ; being a Guide for Visitors to Public 

and Private Picture Galleries, and for Art Students, including Glossary of 

Terms, &c. By Philippe Daryl, B.A. Crown 8vo, cloth . , 2/6 

"Considering its small compass, really admirable. We cordially recommend the book."— 
Buiider. 

DICTIONARY OF TERMS USED IN ARCHITECTURE, 

Building, Engineering, Mining, Metallurgy, Archaeology, the Fine Arts, &c. 
By John Weale. Sixth Edition. Edited by Robt. Hunt, F.R.S., 

Numerous Illustrations, Crown 8vo, cloth fi/0 

"The best small tephnoloST^cal dictionary in ihe\Attg}xnf[e."— Architect. 

4 

NATURAL PHILOSOPHY, 

For the Use of Beginners. By C. Tomlinson, F.R.S. Cr. 8vo, cloth 1/6 

HANDBOOK OF FIELD FORTIFICATION. 

By Major W. W. Knollys, F.R.G.S. Crown 8vo, cloth . . . 3/0 

" A well-timed and able contribution to our military literature . . . The author supplies, in 
clear business style, all the information likely to be practically useful."— CAam^^rx of Commerce 
Chronicle. , 

COMPENDIOUS CALCULATOR 

(Intuitive Calculations) ; or Easy and Concise Methods ot performing the 
various Arithmetical Operations required in Commercial and Business 
Transactions; together with Useful Tables, &c. By Daniel O'Gorman/ 
Twenty-eighth Edition, revised by C. Norris. Crown 8vo, cloth . 2/6 

" It would be difficult to exagg^erate the usefulness of this book to every one engagfed in 
commerce or manufacturing industry. It is crammed full with rules and formulae for ^ortening 
and employing calculations in money, weights and measures, &c., of every sort and description." — 
/Cnowiedg^e. 

MEASURES, WEIGHTS, AND MONEYS OF ALL 

NATIONS, 

And an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. B. WooLHOUSE, F.R.A.S. Seventh Edition. Cr.8vo, cloth 2/6 
"A work necessary for every mercantile o&ce."— Building Trades yournal. 
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5PANI5H GRAMMAR. 

In a Simple and Practical Form. With Exercises. By Alfred Elwbs. 
Crown 8vo, cloth 1/Q 

5PANI5H-ENQLI5H AND ENQLI5H-SPANI5H DIC- 
TIONARY. 

Including a large number of Technical Terms used In Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 
Elwes. Crown 8vo, cloth 4/0 

PORTUGUESE GRAMMAR. 

In a Simple and Practical Form. With Exercises. By Alfred Elwes. 
Crown 8vo, cloth • 1 /6 

PORTUGUESE-ENGLISH AND ENGLISH-PORTU- 

OUESB DICTIONARY. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 
Elwes. Fourth Edition, revised. Crown Svo, cloth .... 5/0 

ANIMAL PHYSICS, 

Handbook o£ By Dionysius Lardner, D.C.L. With 520 Illustrations. 
In One Vol. (732 pages). Crown 8vo, cloth 7/6 

MUSIC, 

A Rudimentary and Practical Treatise on. By C. C. Spencer. Crown 8vo. 

2/6 

" Mr. Spencer has marshalled his information with much skill, and yet with a simplicity that 
must recommend his works to all who wish to thoroughly understand music."— fyeeJk(y limes, 

PIANOFORTE, 

The Art of Playing the. With Exexcises and Lessons. By C. C. Spencer 
Crown Svo, cloth 1/6 

"A sound and excellent work, written with spirit, and calculated to inspire the pupil with a 
desire to aim at high accomplishment in the axt."—ScMooi Board Chronicle, 
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Acetylene Gas. Gibbs, 43 

Acoustics, Smith, 35 

Aerial Navigation. Walker, 11 

Tramways, Tayler, 1 

Agricultural Geology, McCon- 
nell, 53 

Note Book, McConnell, 55 

Surveying, Scott, 54 

Surveyor, Bright, 58 

Valuing, Bright, 58 



Air Machinery. Weisbach, 10, 23 
Algebra, Haddon, 60 
Alkali Trade, Lomas, 43 
Alphabets, Delamotte, 39, 40 
Alternating Current Machines, 

Sheldon and Mason, 2 
Angles. Tees, Plates, Beams, 

&c., 19 
Animal Physics, Lardner, 64 

Physiology, Lardner, 42 

Appraiser's Assistant, Wheeler^ 

58 
Arches, Piers, &c.. Bland, 32 
Architect's Guide, Rogers, 35 
Architectural Modelling, Rich- 
ardson, 35 
Architecture, Ancient, 35 

Civil, Chambers, 35 

Design. Garbett, 35 

Grecian, Aberdeen, 35 

Mechanics of, Tarn, 35 

Modern, 35 

of Vitruvius, Gwilt, 35 

Orders. Leeds, 35 

Orders and Styles, 35 

Styles, Bury, 35 

Arithmetic, Haddon, 59 

Young, 60 

Equational, Hifsley, 60 

Armature Windings, Arnold, 29 
Artists' Pigments, Standage, 44 



Asbestos, Jones, 27 
Astronomical Glossary, Gore, 41 
Astronomy, Lardner, 42 

Jtfam and Lynn, 41 

Auctioneers, Squibbs, 58 



Bam Implements, 5ro//. 54 
Beams, Flexure of, Guy, 18 

Properties of, 19 

Bees, Samson, 57 

Blast Furnaces, Stevenson, 11 

Blasting, Burgoyne, 19 

Blowpipe, Ross, 43 

Boiler and Factory Chimneys 

Wilson, 3 
Boilers, Armstrong, 4 

Bauer, 20 

Courtney, 3. 4 

Fo/^. 2 

Homer, 3 

Hutton, 3, 4 

Wilson, 3 

Book-keeping, Haddon, 60 

for Farmers, PTooiwaw, 55 

Boot and Shoe Making, Lmo, 45 
Brass Founding, Graham, 47 
Bread and Biscuit Baker, Wells, 

47 
Breakfast Dishes, Allen, 48 

Brewing and Malting, Wright, 

42 

Brick and Tile Book, 33 

Making, Dobson, 32 

Brick-cutting, Hammond, 32 

Bricklaying, Hammond, 32 

Brickwork, Walker, 32 

Bridges, Iron, Humber, 16 

Iron, Pendred, 17 

Oblique, Bim:^, 16 

Tabular, Dempsey, 17 
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Bridges and Viaducts, Camfin, 

17 
British Mining, Hunt, 25 

British Standard Sections (Dia- 
grams, Definitions, &c.), 19 
Builder's Price Book, Lockwood, 

31 
Measuring, Beaton, 34 

Quantities, Beaton, 34 

Building, a Book on. Beckett, 32 

Art of, Dobson, 32 

Construction, Allen, 31 

Cottage, Allen, 32 

Dwelling Houses, Brooks, 

32 

Estates, Maitland 32 

Farm, Scott, 32 

Science of, Tarn, 32 



Cabinet-Making, Bitmead, 38 

Working, Hasluck, 49 

Calculator, 0' Gorman, 63 

Chadwick, 51 

Calculator, Weight, Harben, 51 
Calculus, Differential, Woolhouse, 

60 

Integral, Cox, 60 

Carpenter's Guide, Nicholson, 37 
Carpentry and Joinery, Tredgold 

and Tarn, 37 

Tredgold, 37 

Cattle, Sheep, &c., Burn, 52 
Cements, &c., Standage, 48 
Chain Cables, Traill, 22 
Chemistry of Mining, Byrom, 27 
Chimneys, Wilson, 3 
Circular Work, CoUings, 38 
Civil Engineering, Law, 18 
Clock Jobbing, Hasluck, 49 
Clocks, Watches, and Bells, 

Beckett, 46 
Coach-Building, Burgess, 48 
Coal & Iron Industries, Meade, 

27 

Mining, Cockin, 26 

Smyth, 27 

Colliery Manager. Pamely, 26 
Working, Bulman and Red- 

mayne, 26 
Colouring, Field &> Davidson, 40 
Colours & Dye Wares, Slater, 44 



Commerce, Gambaro, 50 
Commercial Correspondence, 

Baker, 50 
Compound Interest, Thoman, 59 
Concrete, Sutcliffe, 33 
Confectioner, Flour, PT^/Zs, 48 
Confectionery, PT^/Zs, 47, 48 
Constructional Ironwork, 

Campin, 18 
Copper Conductors, &c., 19 

Metallurgy of, ^issler, 24 

Cottage Building, Allen, 32 

Gardening, Hobday, 56 

Cotton Manufacture, Lister, 45 

Cranes, Glynn, 11 

Creation. Records of, Le Vaux, 

Curves, Tables of, Beaxeley, 15 
Cyanide Process, Eissler, 24 



Dairying, British, Sheldon, 53 
Dairy, Pigs, and Poultry, Burn, 

53 
Dangerous Goods, Phillips, 43 

Decoration, Fo^:^, 39 

House-Painting, Graining, 

&c., 40 

Imitation of Woods and 



Marbles, 39 

— Marble, Blagrove, 40 

For other works see pages 



39.40 
Decorator's Assistant, 40 

Deep Level Mines of the Rand, 

Denny, 23 
Diamond Drilling, Denny, 24 
Dictionary of Architecture, 

Weale and Hunt, 63 

Painters, Daryl, 63 

Direct Current Machines, Sheldon 

and Mason, 29 
Discount Guide, Harben, 51 
Drainage of Lands, Clark, 13 

(Mine), Michell, 25 

Draining & Embanking, Scott, 

54 
Drawing Instruments, Heather, 

61 

Rules on, Pyne, 34 

Dwelling Houses, Brooks, 32 
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Dynamic Electricity, Atkinson, 


Engineering Tools, Homer, 2 




31 


Engineer's Assistant, Tempieton, 




Dynamo Construction, Urquhart, 


8 




30 


Companion, Edwards, 8 

Field Book, Haskoll, 14 




How to Make, Crojis, 30 




Management, Paterson, 29 


Handbook, Hutton, 4 




Motor and Switchboard 


Pocket-Book, Clark, 7 




Circuits, Bowker, 29 


Reference Book, Foley, 2 

Turning, Homer, 2 

Year Book, Kempe, 7 

Engineman's Companion, Rey- 
nolds, 6 
Estate Tables, Inwood, 57 
Euclid, Law, 59 




Earthwork, Graham^ 16 


Every Man's Own Lawyer, 62 




Tables, Broadbent 6* Cam- 


Excavating, Prelini, 15 


' 


pin, 16 


Explosives, Eissler, 43 




Tables, Buchj 16 


Nitro, Sanfordj 43 




Earthy Minerals, Davies^ 25 






Electrical Calculations, Atkinson^ 






30 
Conductors, Perrine, 29 






Dictionary, Shane, 30 


Factory Accounts, Garcke &• 




Engineering, Alexander, 28 


Fells, 50 




Sewell, 28 


Farm Acct. Book, Woodman, 56 




Machinery. 20 


Buildings, Scott, 32 




Pocket Book, Kempe, 30 


Engineering, Scott, 54 




Transmission, Abbott, 28 


Management, Burn, 54 




Electricity Applied to Mining, 


Roads, &c., Scott, 54 




Lupton, Parr, &> Perhin, 26, 29 


Farmers' Tables, Francis, 55 




Lardner and Foster ^ 42 


Farming Economy, B«m, 55 




Text-Book, Noad^ 31 


Outlines, Burn, 54 




Electric Light Fitting, Urquhart^ 


Small, Bum, 53 




31 


Fertilisers, &c., Dyer, 53 




Light, Knight, 30 


Field Coils (Electrical). 20 




Light, Urquhartf 30 


Fortification, Knollys, 63 




Lighting, Swinton, 30 


Implements, Scott, 54 




Ship-Lighting, Urquharty 31 


Fields of Gt. Britain, Clements, 




Telegraph, Lardner , 42 


53 




Electro-Metallurgy, Watt, 46 


Fires & Fire Engines, Young, 11 




Plating, Urqukart, 46 


Flour, iiftcA aM<2 Powles, 47 




Plating, Watt and Philip, 46 


Forestry, Curtis, 37 




Typing, Urquhart, 46 

Embroiderer's Design, Delamotte, 


Foundations, &c., Dobson, 19 




French Polishing, Bitmead, 48 




40 


Fruit Trees, Di* BrwV, 56 




Engine-Driving Life, Reynolds, 6 


Fuel, Williams and Clark, 10 




Engineering Chemistry, Phillips, 

A 9 


Fuels, PA«7«^s, 10 




43 
Drawing, Maxton, 8 






Estimates, 9 






Progress, Number, 18 






Stai)dards' Committee, 


Garden, Forcing, Wood, 56 
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Receipts. Quin, 56 
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Gardening, Good, Wood^ 56 

Ladies*, Wood^ 56 

Multum-in-Parvo, Wood^ 56 

Gas and Oil Engines, Bale^ 6 

Engines, Goodeve, 6 

Engines, Mathot, 6 

Engine Handbook, Roberts, 

6 
Engineer's Pocket Book. 

O'Connor, 43 

Fitting, Black, 47 

Producer Plants, Mathot, 6 

Works, Hughes, 18 

Gauge Length, Unwin, 19 
Geology, Historical, Tate, 28 

Physical, Tate, 28 

Tate, 28 

Geometry, Tarn, 17 

Analytical, Hann, 60 

Descriptive, Heather, 60 

Technical, Sprague, 17 

of Compasses, Byrne, 17 

Plane, Heather, 60 

Girders (Iron), Buck, 17 

Glass Staining, Gessert and 

Fromberg, 41 
Gold Assaying, Phillips, 24 

and Silver, Merritt, 24 

Metallurgy of, Eissler, 24 

Prospecting, Rankin, 23 

Goldsmith's Handbook, Gee, ^6 

and Silversmith, Gee, 46 

Grafting and Budding, Baltet, 57 
Granites, Harris, 27 
Grazier, Complete, Fream, 52 



Hall Marking Jewellery, Gee, 46 
Handrailing, Collings, 38 

Goldthorp, 38 

Hay & Straw Measurer, Steele, 

55 
Health Officer, Willoughby, 36 

Heat (Expansion by), Keily, 18 

Heat, Lardner and Loewy, 41 

Heating by Hot Water, Jones, 

33 
Hints to Architects, Wightwick 

and Guillaume, 35 
Hoisting Machinery, Horner, 1 
Hoisting & Conveying Ma- 
chinery, Zimmert i 



Horology, Saunier, 45 
Horticulture, Newsham, 56 
House Decoration, Facey, 39 
Owner's Estimator, Simon, 

34 
Painting, Davidson, 39 

Property, Tarbuck, 34 

Hydraulic Manual, Jackson, 13 

Engineering, Marks, 13 

Tables, Neville, 13 

Hydrostatics, Lardner, 41 



Illumination, Delamotte, 40 
India Rubber, Johnson, 44, 57 
Indian Railway Locomotives, 19 
Inflammable Gas, Clowes, 27 
Insulating Materials (Elec- 
trical), 20 
Inwood's Estate Tables, 57 
Iron Trades Companion, 
Downie, 50 

and Steel, Hoare, 8 

, Metallurgy of, Bauerman, 

25 
Ores, Kendall, 25 

Plate Weight Tables, 

Burlinson and Simpson, 51 

Irrigation, Mawson, 11 

and Water Supply, Scott, 

54 



Jeweller's Assistant, Gee, 46 
Joints (Builders'), Christy, 38 
Journaiism, Mackie, 63 



Key to Haddon's Algebra, 60 

to Young's Arithmetic, 60 

Kitchen Gardening, Glenny, 56 



Labour Contracts, Gibbons, 62 

Disputes, Jeans, 63 

Land Improving, Ewart, 58 
Ready Reckoner, Arman, 

55 
(Reclamation of), Beazeley, 
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Land, Valuing and Improving, 


Measuring Builders' Work. 


Hudson and Ewatt, 59 


Dobson and Tarn, 34 


Valuing, Hudson, 59 


Timber, &c.» Horton, 34 


Landed Estates, Bum, 54 


Meat Production, Ewart, 52 


T^the Work, Hasluck, 9 


^^echanical Dentistry, Hunter, 47 


Laundry Management, 48 


Engineering. Campin, 9 


I-awyer, Every Man's Own, 62 


Handling of Material, 


Lead (Argentiferous), Eissler, 25 


Zimmer, 1 


Leather Manufacture, Watt, 45 


Terms. Lockwood, 8 


Letter Painting, Badenoch, 40 


Mechanics, Hughes, 9 


Levelling, Simms, 15 


Lardner and Loewy, 41 


Light. Tarn, 35 


Tomlinson, 10 


Light Railways, Calthrop, 11 


of Air Machinery, Weisbach, 


Lightning Conductors, Hedges, 33 


10. 23 


Limes, Cements, Burnett, 34 


(Tables for). Smt/A, 8 


Locks, Tomlinson, 48 


Mechanics' Companion, Tern- 


Locomotive Engine. Stretton, 5 


pleton and Hutton, 7 


Engine, Weatherburn, 5 


Workshop. Hasluck, 49 


Engine Driving, Reynolds, 5 


Mechanism. Baker, 10 


Engineer, Reynolds, 5 


Mensuration & Gauging, Mant, 


-' — Engines, Dempsey, 5 


42 


Locomotives for Indian Rail- 


and Measuring, Baker, 17 


ways, 19 


Metal Turning, Hasluck, 49 


Logarithms, Law, 59 


Metalliferous Minerals, Davics, 




25 

Mining Machinery. Davies, 


Machine Shop Tools, Van 


23 


Dervoort, 2 


Metric Tables, Dowling, 50 


Machinery, Details, Campin, 9 


Metrology, /»:As<wi, 50 


Marble Decoration, Blagrove, 40 


Microscope, Van Heurck, 41 


Marine Engineering, Brewer, 21 


Milk, Cheese, &c., Oliver, 53 


Engineer, Wannan, 21 


Millers' Ready Reckoner, 


Engineer's Pocket Book, 


Hutton, 55 


Wannan, 21 


Milling Machines, Horner, 1 


Marine Engines & Boilers, Bauer, 


Mine Drainage, Michell, 25 


Donkin and Robertson, 20 


Mines of the Rand, Denny, 23 


Engines, Murray, 21 


Mineral Surveyor, Liniem, 28 


Market Gardening, Shaw, 56 


Mineralogy, Ramsay, 28 


Masonry, Purchase, 33 


Miners' Handbook, Milne, 25 


and Stone-Cutting, Dob- 


Pocket Book, Power, 25 


son, 33 


Mining, British, Hmm^ 25 


Dams, Courtney, 13 


— T — Cadculations, 0' Donahue, 


Masting and Rigging, Kipping,22 
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Materials, Campin, 18 


Chemistry of, Byrom, 27 


(Strength o€), Barlow, 18 


Students, Notes for. Meri- 


Handling of, Zimmer, i 


vale, 26 


Mathematical Insts., Heather, 61 


Tools, Morgans, 27 


Heathers' Walmisley, 61 


and Quarrying. Collins, 27 


Tables, Law and Young, 


Model Engineer, Hasluck, 49 


23,59 


MoUusca. Woodward, 41 


Mathematics, Campin, 59 


Motor Cars, Toy^, 11, 48 


Measures, Weights, &c., Wool- 


Vehicles, Tayhr, 11 


house, 63 
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Museum of Science and Art, 

Lardner, 42 
Music, Spencer^ 64 



Natural Philosophy, Tomlinson, 

63 
for Schools, Lardner, 

42 
Naval Architect's Pocket Book, 

MachroWt 21 

Architecture, Peake, 22 

Navigation. Young, 23 

Greenwood and Rosser, 22 

Practical, 23 



Oil Fields of Russia, Thompson, 

23, 42 
Oils, Analysis of, Wright, 42 
Optical Instruments, Heather, Ci 
Optics, Lardner &> Harding, 42 
Organ Building, Dickson, 48 
Oriental Manuals and Text- 
books. 51 

Packing Case Tables, Richard- 
son, 38 
Painting, Gullick 6* Timbs, 41 
Paper, Parkinson, 44 

Making, Clapperton, 44 

Wattf 44 

Pastrycook's Guide, Wells, 48 
Patents, Hardingham, 63 
Pattern Making, Hasluck, 49 

Homer J 8 

Perspective, Ferguson^ 34 

Pyne, 34 

Pianoforte, Spencer, 64 

Pioneer Engineering, Dobson, 15 

Pipe Flanges, 19 

Threads, 20 

Plastering, Kemp, 33 

Plating & Boilermaking, Hor- 
ner, 3 

Plumbing, Buchan, 33 

Lawler, 33 

Pneumatics, Tomlinson, 19 

Pocketbook, Agriculturist's, 
BW^A^ 58 

Ewart, 58 

Francis, 55 

Hudson, 59 



Pocketbook, Agriculturist's, 
McConnell, 55 

Auctioneer's, Wheeler, 58 

Builder's, Beaton, 34 

Electrical, Kempe, 30 

Engineer's, CiorA, 7- 

Edwards, 8 

Fletcher, 8 

Hasluck, 9 

Kempe, 7 

SwtM, 8 

Templeton, 7 

Engineman's, Reynolds, 6 i^ 

Gas Engineer's, 0* Connor, 

43 
Health Officer's, PTiitoi^AfrV, 

36 
Marine Engineer's, ilfa(;A- 



rou^, 21 



PTaffnaw, 21 



— of Mensuration and 
Measuring, Mant, 42 

— Miner's, Milne, 25 
Power, 25 



— Mining Prospector's, 
Anderson, 24 

Merritt, 24 

Rankin, 23 



of Refrigeration, Tayler, 10 

Pole Plantations, Bright, 58 
Portable Engine, Wansbrough, 5 
Portland Cement, Fat/a anS 

B»//«', 34 

Specification, 20 

PortugueseDictionary, Elwes, 64 

Grammar, Elwes, 64 

Potatoes. Pt»*, 57 
Private Bills. Macassey, 63 
Producer-Gas Plants, Mathot, 6 
Prospector's Handbook, ^lufor- 

son, 24 
Pumps and Pumping, Bale, 10 



Quantities (Builders'), B^atotr, 34 



Railway Brakes, Reynolds, 5 

Rails, Bull-headed, 19 

Flat Bottomed, 20 



Working, Stretton, 19 



Reclamation of Land, Beaxeley, 
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Refrigerating Machinery, Tay- 

ler, 10 
Refrigeration, Tayler, 10 

(Pocket Book), Tayler, 10 

River Bars, Mann, 13 
Roads and Streets. Law, 15 
Roof Carpentry, Collings, 38 
Roofs, Construction of. Tarn, 18 
Rothamsted Experiments, 

Tipper, 53 
Rubber Hand Stamps, Sloane^ 44 



Sailmaking, Kipping, 22 

Sadler, 22 

Sanitary Work, Slagg, 36 
Savouries and Sweets, Allen, 48 
Saw Mills, Bale, 37 
Screw Threads, 20 

Hasluck, 9 

Sea Terms, Pirrie, 22 
Sewage, Irrigation, Bum, 55 

Purification, Barwise, 36 

Sewing Machinery, Urquhart, 48 
Sheep (TheJ, Spooner, 52 
Sheet-Metal Work, Crane, 47 

Work, Warn S* Horner, 47 

Shoring, Blagrove, 32 

Ship Building, Sommerfeldt, 22 

German, Felshowski, 22 

Ships and Boats, Bland, 22 
Silver, Metallurgy of, Eissler, 24 
Silversmith's Handbook, G*^, 46 
Slate Quarrying, Davies, 27 
Slide Rule, Hoare, 59 
Smithy and Forge, Crane, 9 
Soap Making, JTa//, 45 
Soils, Burn, 53 
Spanish Dictionary, Elwes, 64 

Grammar, Elwes, 64 

Specifications, Bartholomew, 32 

in Detail, Macey, 31 . 

Star Groups, Gor^, 41 
Statics, Graham, 17 

and Dynamics, Baker, 61 

Stationary Engine Driving, 
Reynolds, 6 

Steam Engines, Hurst, 6 

Steam and Machinery Manage- 
ment, Bale, 6 
and Steam Engine, Clark, 10 



Steam Boiler Construction, 
Hutton, 3 

Boilers, Armstrong, 4 

Wilson, 3 

Engine, Baker, 5 

Goodeve, 4 

Haeder and Powles, 5 

Lardner, 5 



Safe Use of, 6 

Steel (Structural) Specifications, 

20 
Stone Working Machinery, 

Bale, II 
Strains in Girders, Humber, 17 

on Ironwork, Shields, 17 

Structural Steel for Marine 

Boilers, 20 

Shipbuilding, 20 

Submarine Telegraphs, Bright, 

30 

Superficial Measurement, 

Hawkings, 38 
Survey Practice, Jackson, 14 
Surveying, Baker and Dixon, 14 

Frome and Warren, 15 

Instruments, Heather, 61 

Land & Marine, Haskoll, 14 

Subterraneous, Fenwick, 28 

Usill, 14 

Whitelaw, 14 

with Tacheometer, Ken- 
nedy, 14 



Tanning, Flemming, 45 
Tea Machinery, Tayler, 47 
Technical Guide, Beaton, 34 

Terms, Fletcher, 8 

Telegraph Material, 20 
Temperature Experiments on 

Electrical Machines, 20 
Temperature Experiments on 

Insulating Materials, 20 
Timber Importer, Grandy, 38 

Merchant, Dowsing, 38 

Richardson, 38 

Toothed Gearing, Horner, 9 
Tramway Poles, 19 

Rails and Fish Plates, 19 

Tramways, Clark, 16 
Transmission by Electricity, 

Atkinson, 29 
Traverse Tables, Lintem, 28 
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Tree Planter, Wood, 57 

Pniner, Woodf 57 

Trigonometry, Plane, Hanny 60 

Spherical, Hann, 60 

Trolley Groove and Wire, 20 
Trusses, Griffiths y 18 
Tunnelling, Prelini and Hill, 15 

'- Simms and Clark , 15 

Tunnel Shafts, Buck^ 16 
Turning, Engineers', Horner ^ 2 

Lathe, Hasluck, 9 

Metal, Hasluck, 49 

Wood, Hasluck, 49 



Ventilation of Buildings, Buchan, 

36 
Villa Architecture, Wickes, 35 

Visible Universe, Gor^, 41 

Vitruvius' Architecture, Gwilt, 

35 
Wages Table, Garhutt, 51 



Watch Jobbing, Hasluck^ 49 

Maker, Saunier, 45 

Repairing, Garrard, 45 

Watches, History of, Kendal, 46 
Water Purification, Rideal, 36 

Engineering, Sto^^g', 12, 36 

Power of, Glynn, 13 

Supply, Humbert 12, 36 

Greenwell and Curry^ 

12,36 

Supply of Towns, Burton, 

12,36 
Waterworks, Hughes, 13 
Weil-Sinking, Stvindell, 13 
Wireless Telegraphy, Sewall, 30 
Wood Carving for Amateurs, 41 

Engraving, Brown, 48 

Turning, Hasluck, 49 

Woods and Marbles, Imitation 

of. Van der Burg, 39 
Woodworking, Hasluck, 49 

Machinery, Bale, 37 

Workshop Practice, Winton, 9 
Works' Manager, Hutton, 3 
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